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World Literature to Fish Hybrids With an Analysis 
by Family, Species, and Hybrid: Supplement 1 


FRANK J. SCHWARTZ’ 


ABSTRACT 


Supplement 1 comprises 1,814 citations published between 1971 and October 1980 which deal with fish hybrids 
of the world. Continuing the format of the original compilation, each reference has been read, analyzed, and 


referenced by author, family, species, and hybrid cross. 


INTRODUCTION 


This supplement compilation is a continuation of the hybrid 
bibliography published by Schwartz in 1972 as: Publication 3 of 
the Gulf Coast Research Laboratory Museum, Ocean Springs, 
Miss., 328 p. The 1972 publication comprised 1,945 citations 
published prior to 1971. An additional 594 papers, published 
between 1820 and 1970 are included in the present publication. 
This supplement publication contains a total of 1,814 papers 
published between 1971 and October 1980. As in the original, 
each reference has been read, analyzed, and referenced by 
author, family, species, and hybrid cross. 

Examination of this bibliography reveals that a handful of 
scientists from Europe, Asia, Japan, and the United States still 
dominate the world literature on fish hybrids. English, Russian, 
and German are the main languages in which hybrid papers are 
published. Contrary to the 1972 compilation, present day hybrid 
study emphasis has changed drastically from pure hybrid 
descriptions to DNA, allele, and isozyme crosses, to more work 
in producing hybrids to meet man’s food needs (i.e., sturgeons 
in Russia, striped bass-white bass crosses in the United States, 
carp-goldfish-grass carp crosses in Israel and Asia). Misra’s 
seven papers (1971-75) are the most extensive in attempting 
mathematical definition and testing of a hybrid’s status and 
designation. 

This supplement treats a total of 50 families of fishes with 
known hybrid crosses. The bulk of the hybrids are members of 
the families Centrarchidae, Cyprinidae, Poeciliidae, and 
Salmonidae. This contrasts with the original compilation. 


PROBLEMS WITH LITERATURE 


An inherent problem in dealing with the world hybrid fish 
literature continued to be the definition of what was a hybrid. 
To sort out all the definitions and make arbitrary decisions as to 
an author’s real meaning or interpretation would have taken far 
longer than the 8 yr spent in preparing this publication. I leave 
final decisions of definitions and interpretation to the reader. 

Similarly, decisions relating to systematic status of many of 
the species or crosses listed are left to the reader. Currently, 
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families are being lumped or split, species are constantly being 
updated by recent work, and even old established species names 
have been changed. I am fully aware of these changes but rather 
than have to make again many arbitrary decisions of what 
should be a particular specie’s or hybrid’s true identity or to 
what species the author was really referring, I left them cited as 
originally found or spelled. Only the families have been updated 
(where lumped) to relieve the confusion of referring to family 
names not now recognized. Thus, the family Salmonidae is not 
treated by its subfamilies Coregoninae, Salmoninae, or 
Thymallinae. The remaining families which have had minor 
status changes have been updated (Scombridae to include 
Cybiidae) so that no subfamilies are treated. 

Further problems existed in whether a reference was dealing 
with a natural or experimental hybrid. Few authors, other than 
those where experimental results were evident or so stated, 
specifically earmarked what they were studying. 

While all would wish to find only one spelling of a species 
name, all variations were included. The same is true of author 
names which, in Russian, were often spelled many ways (i.e., 
Nikioljuki, Nikoljukin, Nikolukin, Nikolyukin). 

One other problem that persisted, from the original publica- 
tion, was that many authors, especially European, cited a hybrid 
cross by listing the male species first, followed by the female 
partner. Others, the majority, listed the female member of the 
hybrid first, with the male species second. I kept the entries as 
they were originally cited and, where known, have included the 
female (usually first) or male cross designations (i.e., Cyprinus 
carpio 6 x Carassius auratus Q ). 

Further problems arose in how to cite female workers. Most 
compilations spell out a woman’s first name with only initials 
designating male authors. Herein, all names of women are listed 
by initial only, except those of Russian or Slavic origin where the 
“‘a”’? ending signifies a woman. Because this bibliography was 
computer created I have not included any diacritic marks for 
Germanic, Slavic, or other languages. Author’s names, such as 
McAfee, have the ‘‘c’’ on the same line rather than one-half 
space upward. Another frustrating aspect of the bibliography 
was in dealing with Russian references published by Rybnoe 
Khoziastvoe as there are two journals with the same name, one 
published in Kiev, the other in Moscow. Most literature citations 
failed to note city of publication. This along with use of the issue 
numbers as volume numbers created havoc and delays in a cita- 
tion’s retrieval. I have noted the city of publication in every 
case, where feasible. 


HOW TO USE THE BIBLIOGRAPHY 


Each of the 1,814 references in this bibliography has been 
numbered. All references are listed alphabetically. The author, 
fish family, species, and hybrid indexes are listed alphabetically, 
regardless of systematic position or status of the family, species, 
or hybrid. Each reference was read in its entirety and all species 
or crosses therein are noted (rather than that which may be 
stated only in the title). Common names are interspersed 
alphabetically within the appropriate species or hybrid listings. 
Where recent papers were located or appeared in the literature, 
as the final typing was in preparation, 22 cases, the reference 
was given the next sequential number followed by an ‘‘a,”’ etc. 
and inserted in the proper alphabetical position in the citation 
sections (i.e., 1221a follows 1221). Since this bibliography was 
so large and computer developed, merging the entries from four 
separate computer sources often prevented the desired sequen- 
tial numerical order to the citations which, however, are listed 
alphabetically throughout. Thus, 23 numbers, 27, 47, 49, 55, 67, 
69, 77, 305, 340, 368, 403, 877a, 891, 1,000, 1,183, 1,186, 1,421, 
1,450, 1,571, 1,586, 1,665, 1,715, and 1,766 are missing as a 
result of deletion of duplicated citations which had entered the 
various files. 

To use the bibliography when the author of a hybrid is 
known, proceed directly to the citation or author section to 
learn what papers have been included under his or her name. If 
one knows the author only, proceed to the author section and 
find (i.e., F. Anders published 45 papers) each of the numbered 
papers that he authored or coauthored. Knowing the fish family 
but not the author, etc., a check of that section will steer you to 
all papers dealing with hybrids known for that family (i.e., 
Cyprinidae, etc.). Likewise, if one knows F. Anders published a 
paper on swordtail-platyfish hybrids, go to the species or cross 
or author list to locate the species, remembering that if a tax- 
onomic change has taken place the original generic notation will 
be found (i.e., presently Poecilia for Molliensia of earlier 
references). I must reemphasize that one should check all possi- 
ble spelling combinations for an author or species name before 
being satisfied all references have been located. 

If a hybrid cross acted as a species in a cross then that hybrid 
cross was included in the species list. This prevailed with F, and 
F, back crosses (i.e., ((Salmo alpinus x S. fontinalis) x S. fon- 
tinalis) x S. fontinalis) where each species was listed in addition 
to (S. alpinus x S. fontinalis) which was acting as a species in 
the species listing. Likewise, each hybrid cross has not been 
reversed in the hybrid cross section, unless attempted by the 
author (i.e., S. alpinus x S. fontinalis would not be listed for a 
pertinent reference unless the author attempted S. fontinalis x 
S. alpinus and S. alpinus x S. fontinalis crosses). 

Readers wishing information regarding the listed references 
can correspond with me as about 95% are within my holdings as 
originals, Xerox, or photocopies. 
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ae 


FAMILY INDEX 


its 

Acanthuridae 219, 1304 

Acipenseridae *756,, 66,- 110), 112) VeS)) 196,. 2056 241 25 2oe, 
285, Sl) S67, SOSY" S10; Sal viz), (404 406, 420),, 43/5), 
Ss 604," 16:0) 16507 pol, Si Zoi ehOO ra wo; gOS, S25 p1OZOim OLD, 
857-288 ,) 835, 886,239 03),. 5904), 190 aw Cll 9128 Si. O20, IOL, 
996; 9917, 003.» eL01'S),, LOS7,,; 1062." L064, 1090 aor yao: 
LOW OD Mos ROAM a5) MahOo ale Oy. aL OSs IMO On. N12 OO), 
AO 2 Ale2O 2 i 2BOwn gli ZO A LS 2a eS AO eho As SAB SoZ) ea Zoy 
1432, 1433, 1434, 1436, 1471, 1472, 1554, 1698 

Anabantidae 118, 516a, 562, 691, 760, 827, 1329, 1330, 1344, 
S24 Ss) lOO4 1 GOGr . tunOs: 

Anarhichadidae 256, 979 

Anguillidae 308, 1280 

Beherinidael 252 4 491 ,* 2528)" S41... 69s) 804),4 873.4 tae 7s 1ls6> 
EROS S327 aoe ena ae Seale a Ss lS abe, 

-B- 
Batrachoididae 1431 
Belonidae 452, 1193 
Ao 

Carangidae 293, 1167, 1794 

Carcharhinidae 1064 

Gatositomidae.. 141),.1.576,) Ol, (247) 249) 254). 279), 332 e336, 337% 
390), 445,46 573),061 9,675, 695, 696, 728, /45,,/66,. 77>) Ose 
19977, 802), 882, 938a, L032, 1099) oS, 1125), ere aa 
TVA ALAS ye aS), Wl 4 Oo OS mle ASS ake 5, laa 
1480, LSS aa 52376 524) NESS) 64241755 
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Centrarchidae 64, 95, 96, 131, 171, 199, 201, 202, 203, 204, 
ZOS, 206, 22, (224, 233, 234, 235, 242702548257 eeee, 
2837) SiS slo, 326, 331), 3327) S350 S40, o> aS ore 
35SPusol),) 364, 379, 380, 383, SSS; 390) 5915 395,400, 
410, 411, 427, 429, 430, 431, 441, 442, 444, 450, 451, 
473) wale w400, 493, 526, 527, 528; 532) 5457) 547/556, 
SS aooln 563, 5711, 613, (673). 6777) OS moSZ27 690), mooG, 
OZ, Le, 715, 7L7, 718, 728), Toa Ol, OSs aenos, 
VovewiOS, 183, 793, 795, 807, 833, 834,72838,7860), 3905, 
O14, 926, 929a, 954, 955, 971, 1009, LOMO, 1043, 1056, 
LOVOM LOSs;, 1084, 1087,) L088, LO92, 10S), a Sera 
Ge 7,, 11300 1144, 1147, 1150,, 166,. W922 lose 
1250, 1267, 1268, 1406, 1424, 1479, 1480, 1524, 1545, 
5937, 1620,, L627,.1633,. 1682),.-1L692-75 L693), IN/06), aleainle, 
eye VALAG IL 6 py A LT ye dl Cn LT LO, LI20, SZ, lager 
23, VI29;, AI35, J736, J573,7, W738, 15739), Av40, vA 
1742, 1758, 1759, 1804 

Chaetodontidae 84, 108, 211, 219, 350, 351, 568, 642, 1124, 
IZO4, 1525, V561,, 1699 

Gharacidae 321, 558, 900, 1069, 1256, 1257, 1262), 1263, 264; 
1375,«4389, 1439, 1585, 1734, 1745, 1746, 17477-1742 

Gichlidaer 32,535.54, 655,71, 74, 102,103, L097 135) 
LO7;, £98, 207, 208, 209, 210; 221, '222,..234 254, 025SF 
301, 329, 390, 403, 404, 405, 407, 409, 411, 413, 421, 
423,,. 424, 432, 447, 456, 472, 551, 576, S77, Sia, 578; 
583), 590, 599, 640,,- 641L,. 642,,,.666,, 670, (674),' 76;,6 728), 
1325, 162, 67, 010; 772, 79%, 797,799; 85155 Sosa mccun 
888, 899.,. 915, 916, 939, 950, 953;' 962,966) 97 2a SSF 
974, 975; 981, 1051, 1070, 1105, DLOF, 108) VasOy Seles ie 
a7, Li89, 1234, 1289, 1290, L291, B303a,113397, 13457 
W357, 1358, W374, 1461, 1504, 1544, 15457) S61, 563) 
591, 1607, 1608, 1669a, 1774, 1796, 1798), 2.45799" 3800 

Clariidae 105 

Clupeidae 390, 488, 489, 619, 624, 756, 804, 832, 952, 959, 
1193), 199, 1286, 1287, 132374327, 1349),.1446,51447, 
1480, 1646a 

GCobitidae 6, 131, 188, 243, 244, 246, 320, 507.,- 528, 629),47iF 
720, 872, 873, 875, 878, 1086;,. 11037) 26s Fe 1169 7 askeior 
1187, 12188, 1193, 1413, 1543, 1545, 5547,2h596 

Congridae 86 

Cottidae 468, 619, 938a, 1212 

Cyclopteridae 1543 
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Cyprinidae, 347053, 54, 60, 7577.79), 85, 90,, 97, Llgpei2i,.124; 
PSI Se SO eee aS ly iS li LIS, 279, 83), 
UST See So,, 290, 9a oz) 200, 20s, 206, 227A, 228), 
229) 230, 236, 24], 2447 5245, 247, 248, 253, 254, 255, 
2647286; 289,, 290, 298, 306; 307, sid, -320)5,/326, 332, 
3505-339, 19497 S50, 356, (357, 359, S60), 363), +364, 3724, 
376, 377, 383, 390, 392,398, 401, 402,' 404, 405, 406; 
408, 410, 412, 416, 429, 442, 443, 445, 458, 461, 465, 
471, 473, 474, 483, 491, 494, 504, 506, 507, 527, 536, 
538); . 546, 4.549 74958 7 6975745907 (9917659275998; 605; 
630), 2619, .620,, 6225 «623 72628 7 162956527, 4657 ; 665976037 
664, 665, 667, 6/72, 681, .68272686,, 690; 26915, 6927, 693, 
6947 2109, (7LE. 720; 21,0728 ,.2736, a739, 740, 74271743; 
TSO, Aloe, bot, 2287. (759,72 SO ne/O7, 208, TEL; TIiS7 tl 1S: 
FEZ, .18>, 188, 19 (198.5799, 5808, 82, Sis? Sta, 827; 
831, 835, 836a, 838, 840, 845, 846, 853, 854, 855, 

856, 857.1858), S6l),, S62, 863,864, 865, 866, S69, S71, 
B72), 873, 8714, SiS. 8767,°876a 2-877. 7 878, 7879), 7880, 
SON 90 lay 902;729057,5907 , “908, 1909, 910, 9147 91874919, 
92077, 921; 925, 928, 938a, 940, 941, 942, 944, 947, 960, 
961, 968, 981, 992, .994,,,996, «997, +998, -999, 71001, 
HOO2, 1004, 1005, L006a;,, 1*1007,, 1008,),1009, VoOl2, 1024, 
#O25,,, W025a7) 210267; 1027 ,, 102611042, 1062, (10647, 1.068, 
HOGS, -LO71 7 510723 01.073. 1.074;. 51079 ,, ©1080 7 elO08lAsloss; 
O93), L094, atLOS jell 16 tl19 20 all 2 e228 oh 2 3); 
ess, Lia, wd4a2, B43, bi4a4, Ta, UES, LVs7, Less, 
HUGG, UES), TUES, FEO, L722). P73, PAA, BS, Wes, 
1S, ESO, EUS PUSS) Lush, LESS), Lug2, L193, L201, 
HZ204,,, 1205, 1212, 1221, 1222), 412234 1224) i225, eb235,, 
PALO 2515, 2527, S253 FelZ6o nd 266; 127 D274) 1279), 
280), E26, 2282, L288, 12897 1294, 1302, ° 1326, 1327, 
SSS ese, 342,21 349 7 L352, ES53;,0) 1354) bs>o,, L361, 
13657 113697 1370 7Ols 7 PAA SI 2701373, L382, 7383 4.384, 
1391, 1392, 1405, 1411, 1413, 1424, 1425, 1426, 1427, 
1431, 1435, 1444, 1467, 1468, 1469, 1473, 1478, 1480, 
487, 1488, 496, 1505, 1506, 1507, 1508, @i511, 1513, 
LoLe ols) tole, Pols; Lolo ml S20ry S24) Lo22) 5 Lo2s, 
E526 nel 527, US357,01543, 15457 915487 15497 (1554, 1565, 
US582Za, GlOIS nisi? L727, Li43, (S47 1.25535 715569) 156), 
i562, LE5667.8E568 7015707) 1574), TS 72, 61595 p81596n 159%, 
E5987, (1599, 16007. -1600a,. 1601, 7h602 7 4603 77160475 1605, 
1610, 1612, 1614, 1617, 1628, 1641, 1643, 1644, 1645, 
1646, 1647, 1667, 1668, 1673, 1674, 1684, 1685, 1686, 
GST, GEOSS 7 116897516907), 1691" 1708, e724, h7 257726, 
E62, GEIGS, W767 pIL768; 17697, LIT. VIB, u7iS8,, kLom, 
USOT, 2L803 721805, 1806 

eyprinodontidde, Sej7917 092, 94791224 5131/,302, 325, 3277, 
333, 378, 412, 414, 415, 442, 448, 449, 465, 484, 491, 
A927) SURED 28), 9940, 558, 590,. S967 6077, 164777 36527, (677, 
6195, C9103 70704, S16, 1820) 5 85970 873 11S 9 moO OS 2, 
938a, 9807 1007 W447 Tsay 1937 124107 12617 1297, 
Ugg, 1386, 1387, 1386, 1388, 1389, W403, 1424, 4sn, 
E496, ESO, U5il4, USUs, ole, 57, 5235), 1530), 1582, 
E585, L588, 1589, 1618, 1619, 1620, 1621, 266), 1669, 1744 
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=p) 


Diretmidae 1284 


Engraulidae 491 


Fsocidaey’ 17,200,289, 96, °1067 "111, > 114; -liGy? 1OFe 1238 


2G 


2871297 2887-2997" 3137 349, 3797 73897" 39077 4407 47/5), 
478 74797, 482),64987 7499, “575, 5207 7521) (54575697 655; 
120, 13476138, 196, 844, 9577 1046; "1050; 1059, 710607 
TOTS? OS2, LOSS, 1106; 11447 e1Is77 162) tos M2427 
T2477 L266; 2283, 91285; 13497713797 1424) W437 71480, 


LS7Sayelost,  h7O4, \LTOO LILI 547 7565. 775 


c= 


Gadidae 491 7"688, "810; "923; '927, 11937 “1212, (1459), 1466 


Gasterosteidae 90, 191, 277, 278, 390, 664, 685, 687, 691, 
IHS SieelebS oyna Sp elo Atos © 2A 2 alls Sys Oily 4 Sills 


SOO) eli Ges 7 
Gobiidae 585, 1275 


Goodeidae 579, 580, 653, 654, 848 


ae 


Hexagrammidae 619 


Sie 


Letaluridae 96; 254) 445, 495, 533, 534, 535, (6597 (660) 
TAI A TSO EOS Sa-) O76; VANS A278 eS eh ee Aree ae SIG 
LOZ TOS ass e794: 

Istiophoridae 797, 807, 1285a, 1335, 1336 

=f 


Labridae ~ 219), 688), 691, 873, 1193, 1431 
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676, 
TSsiy7 


=—M= 
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Mugiladae.. 6375 2547711937" 1273 

=O=- 

Oplegnathidae 697, 1448 

=-P=- 

Percichthyi dees, 11575.12077 125,2.260),. 261,,, 300,_ 3147 9322,,.°323), 
SAG eS 4 et OO pO Ole HOD ie Es wha Ot OO OS Ono: 
SA2FEIS4 3) SOS yn Sede COD, OF0,. L577, Ul60. 34 3138) 
Site elase Leos, Sa 84) SEO Oy ee Soil Soca leiOOs Ma5.0), 
Siero SZ 

PELcidae. wis, 61> L887 199, 72619300, 322, 326, 344, 345, 362), 
390, 439, 442, 444, 491, 509, 510, 527, 528, 539, 542, 
543%e 544 545,600), 6115). 616), 659,., 691, 736,. 744). 767, 
800, 841, 842, 938a, 964, 1019, 1044, 1064, 1065, 1066, 
HOV Ula SAO eae OO al OS 1235 7 ol 236, Zou, 
1238, 1239, 1249, 1280, 1349, 1424, 1480, 1483, 1518, 
529 pee 6ltsre OSes SS OOl iO? loo, 

Petromyzontidae 264, 559, 619, 698, 700, 753, 1270, 1480, 
H629;,../639,- 1675, 730 

Pleuronectidae 142, 254, 264, 366, 473, 474, 601, 619, 631, 
688%. 6/10), J Dif, 8067. 82422979) L009, HOLS, 193) 12:20; 
1293), —<'294" 1295,° 1296, 1298, 12997) 300, ssi, 1343, 
1368; 460), 254), 1572) 639 a7 so 

Poeciinddae 52, 79, .85,..90, 97, 130), sn). W325 9133, 134, WZ, 
WAG LAS eS LOZ), 5S) ay eS Sr lS Ono Sr/ soe lt S/n olor 
LOO TO 262) eos), Loa OS loom on los nLoO ele Or 
OW SZ Lode OS: 222 1c o Oye sO 2 0 menOo eT ZO 6,5 0503), 
S26 S42, 45, S65, 4 Aeon 436 437, 458, 457, 
457a, 462, 464, 465, 498, 519, 523, 528, 549, 584 588, 
590, 617, 618, 631, 639, 647, 648, 649, 650, 680, 683, 
69 {O95b), BOD.) S22 paleo La Sh2 oO acho Rho) OloaED el6y, 
S17; ols, Slo, S20). 82, 822). .0905),, 896.897) SS8),..900), 
913, 924, 933, 938a, 949, 970, 977, 978, 982, 1004, 1005, 
1OOS O29 pelOS4 OWT), Oss 7 OO LOO  aLOOSy. elOde, 
LOA eZ Oy eS Orroroo SS) les 47 es Sr als Sy ales Oo}. 
IAG a4 LOS 204, 220228) 5 24 Ore e253), ods, 
TSO SOG al Ov) sel SOS, SO 9ese sO) Ss 4 OFS 49) 7 ol Si9Or 
1394, 1395, 1396, 1398, 1400, 1401, 1402, 1403, 1404, 
1407, 1408, 1409, 1410, 1411, 1412, 1413, 1414, 1415, 
1416, 1417, 1418, 1419, 1420, 1422, 1451, 1452, 1453, 


1454, 1455, 1456, 1457, 1458, 1462, 1463, 1464, 1488a, 
1496, 1533, 1534, 1538, 1561, 1583, 1584, 1620, 1622, 
1623, 1624, 1637, 1638, 1640, 1644, 1648, 1649, 1650, 
NGSa oS 2 e537, 1654, 1655, Le56,, LES Ese 65or 
1660, 1661, 1662, 1663, 1692, 1693, 1694, 1695, 1696, 
MOO OTe ro, LIL, VWiy2, 80, 7 Sis e195) aero oe 

Pomacentridae 93, 99, 100, 101, 554, 653 

=-S= 

Salmonidae- (45-253), 4° 5\2"6" 71,7 8, 29), 2 iO ae ie Ss alae 
Lo lG in ESE mo a 2a 2223) ea 25 e26) Buco Zor Or 
Si S30 S35, 36, 37, 38, 39; 40,--41,, 4205¢43) 55450) 4a or 
Oral ou, Sn 597. Ol ss 162) 20S. Ole U2 ee) Opa OOo 
SQ Soi omin o Onn OG pe LO 4 wlOd pill Sle ere gD OOS tS emmes ion 
1S yeerts Ola 2 as a7. SOL RO, Wise ele Zee lian lope 
lee mos, USGS Sina SS. tS pole eo yn On ee ila oe 
220; 223i, 22D; 220, 232, 23/7, 240, 2542 259) 262, nizoss 
ZAowie 268), 269, 270,. 271, 2ZIZ, 213%, 214 2 Deo Orme or 
23810, 284, “28:4,, 29, “294, 295, 296;- 297 S04 -S0S eso, 
Sa SLA nS pe LO SLO SSO Se Sn oa as 134 eo Lor 
SAM S43 po SDD 4 ODS ph Oe ph US ht OU eS oD Oe a SOs Oe 
383.365, 386, 38779390), 393), 394. 396 71397) 72399.,.7404. 
406, 418, 419, 425, 426, 429, 433, 434, 446, 453, 454, 
455, 459, 460, 466, 467, 469, 470, 474, 477, 481, 486, 
ASYe. 491% 496, 497, 498). 502,503, 05, 5060750 7.. SoOSr 
Si ile), Sy, DLS, 524, S25, 5307) SSL, Ds D425 eo oor 
550s Dai DOS repo Din DOO At S64. 565). 567. SLO) olovi2) nae 
5S2Ze bso, Sov, 59s, D944, 595, 597, 598) 6007601 602, 
603) 606, 608, 609, 612, 614, (619; (6215). 6257046267, O2iee 
63'0;, 1632),- .633,,. 634,635; 636,,. 637.2 638 ,. 643), (644), 7645) 
646, 10567, O58),- 00154 1005). 1007 1 u0.OSG, 40/15, LOI 5) eal Suma oler 
682), 3689, 691.,, 695a,. 696), 699. /01 06; wht, 20S). walls: 
Wei ZO, 30; (3, J/33oy- eS) pe wil AIaO,. Cade 26) eto 
(oe Ss. I5>, T7166, Ti, 1/8;. 019) 780) 78 84 aeSuEe 
U92, I9f, 799, 803, 805, 809, S10) 811) 83455828), 3829 
S505 OS G4 pO 4D ps 849 4 850, COT m8 9)) 607 pcos wool, 
871, 872, 874, 884, 889, 890, 892, 894, 899, 906, 922, 
923, 927, 930, 931, 935, 936, 938a, 943, 945, 947, 951, 
956,. 963,. 964,. 967, 969, 983,. 984, 985, 986, (_987,,..988;, 
9897. 990. 993, 995,. 1004, 10057" 1006) LO0S es Lola OG, 
MOM etOZOe LOZ s O22) 1023), W024. O29 = hOSOr tO saa 
Oss), L034, 1035, 1036. 1037,.-L038), 1039), 10407 s1043) 
O45, 04%. L048" 1049S 1050s n LOS2e2 1053 LOSS) VOGi ale 
LO62, “LO63;,, TO64, 1065,. 1066, V067,,, 1070. TOSS, Oss 
TO93) e095), L096), L102 TOS). eS) 2 8) aa Gy alae 
AS) le?) stds). LSS) 61 SENG 3) Sel 64) ao Sy lelwZOy. 
VAG ld Sly pel Ol, LOS, 61203), eh 20S 2) 206) wel 2Oi AO Si 
TAOS) srl WI Eo) ea We 2a a hy ms Li28 Aled ios Ye Wg) Le wa boda iy mT Ty s I 2117/ 
2S ie Oy. 226). he? 7 Loe Oe I 230 292 elo So) leo i 
PAS AAaASA | L245 2465 248 1255) 258) 0258) ee eo OO), 
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PA 2 eIve2G Bel 7p 293 A 30S pol 305, 1312,- 1313, 1315; 
L3UG6e Us als Ziy 1322, S24 els 25) 727) LoZ2e;, 13347 
1335772113507 2356 201'359) sols60, 741363, 2364, 1366, 1367, 
S75), 37S, sCOre sel els 9Sye 39, 7399). l4237 - 1424) 
1429, 1430, 1431, 1433, 1440, 1441, 1442, 1443, 1449, 
1465, 1466, 1470, 1473, 4474, 1475," 148i)" 14625-14897, 
1490, 1491, 1493, 1494, 1495, 1497, 1498, 1499, 1502, 
503); Loe; “1524, 8528771532, 1540," 1540 1542," 1543; 
S44 et bO46 polo ao eelt S50), US5i%, 1552, 1554, 1555, 1557, 
T5537 — tooo, L560, 15647, WS697) 1s72, 573, 1574, 15755 
E576 7,2 Lois 7 58:8 S79, 1580, 1581, 1587, 1590, 1606, 
Hows U6lS,, 6253 /1626;,5) 16307) 16327-16337 “1634-16397 
G68), 2tl6m0 sal6 71s eele72, L676, 1677; 1678, 1679, 1680, 
H6OS1 2 683), L686, 1710, VA P7287) isle S27 lg 3S 
ljSszatiivov Lalo 1763 ,.2b/64, 1773 1778), 1782, 1783; 
IPAS briets UU Kel o praedl 72 \ cpr gmm by /eKC) peda ASN) ancl gr Ae bata EF Ao)/ Ay al LIS) 


Sciaenidae 1022 

Scombridae 292, 691, 937, 1075, 1319 
Scorpaenidae 149, 1158, 1269, 1351 
Serranidae 873, 1476, 1477, 1592, 1594 
Sparidae 691, 1193, 1431 


Stromateidae 691, 1254, 1431 
-T- 
TEpeglidae ~69]1, 873, 1431;)1514 


**Hybrids referred to by order, not family 86, 1013, 1062, 
1064 
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SINGLE SPECIES 
-A= 
Abrama brama 1370 
Abramidopsis leukartii 845 
Abramilopsis leuckarti 961 
Abramis 289 
Abramis abrama-rutilus 1359 
Abramis ballerus 1193 
Abramis brama 245, 289, 290, 326, 364, 429, 681, 682, 
JA07 199, 83oa, “838-905, “96l,. 1193-12495 21253); 
P3697 e3927-1516; 1698. 1724, (1725571727 
Abramis brama danubii 241 
Abramis buggenhagii 1725 
Abramis melanops 290, 961 
Abramis rhinorhinus 961 
Acanthophthalmus kuhlii 320 
Acanthopterygii 86 
Acanthorhodeus asmussii 1193 
Acanthorhodeus macropterus tonkinensis 742 
Acanthorhodus atranalis 908 
Acanthorhodus chankoensis 908 
Acanthorhodus macropterus 908 
Acanthurus achilles 219, 1304 
Acanthurus glaucopareicus 1304 
Acanthurus glaucopareius 219 
Acerina 600 


Acerina acerina 1193, 1280 
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690, 
1349, 


Acerina cernua 691, 767, 1193, 1349 


Acheilognathus himantegus 1543, 1743 


Acheilognathus lanceolatus 1743 


Acheilognathus limbatus 750, 1554, 1743 


Acheilognathus moriokae 782, 1554 


Acheilognathus rhombea 752 


Acheilognathus sp. 1554 


Acheilognathus tabira 750, 752 


Acheilognathus variegatus 131 


Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 


Acipenser 


406727287 12193 

x Huso 728 

(Acipenser) guldenstaedtii 185 
(Acipenser) stellatus 185 
baeri 991, 1191, 1193 

beluga 112 

(Euacipenser) glaber 185 
(Euacipenser) ruthenus 185 
glaber 185 

gueldenstaedti 435 
guidenstadti 719; 1191, 1192; OSE 1197. oa433F 
guldenstadti colchinus 719 
guldenstadtii 845, 1193 
guldenstaedti 799 
guldenstaedti colchicus 241 
guldenstaedtii 185 


huso 845 


1698 


Acipenser nudiventris 241, 435, 826, 857, 1191, 1192, 1193, 


IAS 7) 


T3277, L698 
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Acipenser nudiventris derjavini 904 


AcTpenser Luchenus) 66, 112, 185) 1967 215) 25470 372) 94065 
Sills OO pe iio 7977 799) 90a, SOON whOM SF realkO)S e/a aml elk nee 


LOZ eos 1197, - 1198)" 1294, 1346, T435Ftogs 


Acipenser ruthenus x Huso huso 254 


Acipenser ruthenus x (Acipenser ruthenus x Acipenser stellatus) 


alae )s) 
Acipenser ruthenus x Acipenser stellatus 1193, 1197 
Acipenser ruthenus marsigilii 1193 
Acipenser ruthenus ruthenus 241 
Acipenser schrenki 1191 
Acipenser schypa 845 


Acipenser stellate 1119 


Acipenser stellatus 185, 845, 904, 1191, 1192, 1193, 1197, 1698 


Acipenser stellatus stellatus .241 
Acipenser sturio 241, 929 
Acrocheilus 1042 

Acrocheilus alutaceus 1478, 1496 
Adinia 528 

Aequidens rivulatus 966 

Agosia 1042 

Agosia chrysogaster 1105 

Akula 1062 

Albask 1555 

Alburnoides bipunctates eichwaldi 507 


Alburnus alburnus 244, 290, 429, 799, 905, 1193, 1252, 
ISAORE T3597 13697, 1370), 1698 1726 i277 


Alburnus alburnus alburnus 241 


Alburnus charusini hohenarkesi 1193 
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12535, 


Alburnus dolobratus 961, 1359 

Alburnus filippii 507, 1193 

Alburnus leydigii 869 

Alburnus lucidus 869, 961 

Alburnus nobilis 1369, 1370 

Alburnus rosenhaueri 290 

Algonsea popoche 253 

Algonsea tincella 253 

Allotoca dugesi 579 

Alosa alosa 1193, 1199 

Alosa caspla caspia 832 

Alosa finta 1193, 1199 

Alosa kessleri kessleri 1327 

Alosa kessleri volgensis 832, 1327 

Alosa sapidissima 619 

AMAagon4 9/30), 3826), L230), 1233; P5438 

Ambloplites cavifrons 380 

Ambloplites constellatus 938a 

Ambloplites rupestris 380, 388, 430, 431, 677, 714, 795, 938a, 
1627 

Ambloplites rupestris ariommus 391 

Ambloplites rupestris (cavifrons) 380 

Ambloplites rupestris:cavifrons 380, 795 

Ambloplites rupestris rupestris 380, 391 

Ameca splendens 579 

Ameiurus melas catulus 659 

Ameiurus melas melas 659 

Ammocrypta vivax 362 
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Amphiprion 653 

Amphiprion ephipium 99 
Amphiprion ephippium 93, 100, 101 
Amphiprion frenatus 93, 99, 100, 101 
Amul, Baikal 184 

Amur 1517 

Amur, white 124 

Anabontoidei 1064 

Anarhichas lupus 256 

Anarhichas minor 256 

Anarrhichas lupus 979 

Anarrhichas minor 979 
Anatolichthys 465, 528, 899, 1669 
Anatolichthys anatoliae 465 
Anatolichthys chantrei 465 
Anatolichthys iberus 1669 
Anatolichthys splendens 1669 
Anatolichthys transgrediens 1669 
Anchoa compressa 491 

Angel, blue 211 

Angelfish, blacklace 642 
Angelfish, blue 351, 1699 
Angelfish, French 108, 1124 
Angelfish, gray 1124 

Angelfish, grey 108 

Angelfish, lemonpeel 1561 


Angelfish, pearly-scaled 1561 
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Angelfish, queen 211, 351, 1699 

Angelfish, silver 642 

Angelichthys townsendi 1699 

Anguilla anguilla 308 

Anguilla rostrata 308 

Ano, ladoga 1449 

Anoptichthys 900, 1256, 1263, 1264, 1585, 1745, 1748 


Anoptichthys antrobius 321, 1262, 1263, 1264, 1375, 1746, 
1747, 1748 


Anoptichthys antrobius x Astyanax mexicanus 1262 
Anoptichthys hubbsi 1375, 1746, 1747, 1748 
Anoptichthys jordani 1375, 1734 

Apeltes 691 

Apeltes quadracus 1431 

Aphanius 465, 528, 899, 1620, 1669 

Aphanius cypris 1669 

Aphanius dispar 528 

Aphanius dispar dispar 1669 

Aphanius dispar richardsoni 652, 1669 

Aphanius fasciatus 1669 

Aphanius iberus 1669 

Aphanius mento mento 652 

Aphanius sophiae 1669 

Aphyocharanx rubropinnis 1069 

Aphyosemion 1620 

Aphyosemion albrechtsi 1582 

Aphyosemion albrechtsi x Aphyosemion fasciolatus 1582 


Aphyosemion arnoldi 91, 1386, 1387 
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Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


australe 88, 91, 590, 1582 

australe x Aphyosemion gardneri 1582 
beauforti 88 

beauforti (gulare) 1582 

bertholdi 88, 1386, 1582 
bitaeniatum 1582 
bivittatum 91, 1386 
bivittatum bitaeniatus 1582 
bivittatum (lonnbergi) 1582 
brueningi 88 
brunningi 88 
bualanum 91 
caeruleum 558 
Galiinuram’-88,°91, 1386, 1582 
calliurum 91 

cameronense 1386 

cameronensis 91 

celiae 1582 
celiare 88 
chaperi 1582 
christy? 9V; 1386, 1582 

christyl x Aphyosemion cognatum 1582 
1386, 


cCinnamomeum 91, 1582 


cognatum 91, 1386, 1582 
cognatum x Aphyosemion schoutedeni 1386, 
congreatum 91 


crichardi 1582 
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1582 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


elegans 1386 

exiguum 91 

fasciolatus 1582 
fasciolatus albrechtsi 1582 
1386, 1582 


filamentosum 88, 91, 


Gardneri 188--9%,- 92, 590, 932, 1386, 1387, 
gardneri x Aphyosemion australe 88 
gardneri x Aphyosemion scheeli 1582 
gardneri lacustre 932 

gery1 1582 

geryl x SL-18 1582 

gulare 91711386, )1582 
holimae 1582 
labarrei 91, 1386, 1582 
laberrei 88, 91 
liberiense 1386 
Jiberiensis 1582 
lineatus 91, 1582 
loennbergi 1386 
marmoratum 91 
milesi 1582 
mini-killie 91, 1582 

mini-killie x Aphyosemion gardneri 1582 
mirabile traudeae 88, 92 

mirabile traudei 91, 1582 
multicolor 1386, 1582 


multifasciatus 1582 
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1582 


Aphyosemion ndianum 91, 1386 
Aphyosemion obscurum 91 

Aphyosemion occidentale 1386 
Aphyosemion occidentalis 1582 
Aphyosemion ogoense 1386 

Aphyosemion ogoensis 91 

Aphyosemion petersii 1386 

Aphyosemion roloffi 88, 1386 
Aphyosemion santa-isabella 1582 
Aphyosemion santa-isobellae 88 
Aphyosemion scheeli 88, 92, 1582 
Aphyosemion scheeli x Aphyosemion cinnamomeum 1582 
Aphyosemion schoutedeni 91, 1386, 1582 
Aphyosemion sexfasciatus 1582 
Aphyosemion sheljuzhkoi 1582 
Aphyosemion sjoestedi 91 

Aphyosemion sjoestedti 1386 
Aphyosemion sjostedti 1582 

Aphyosemion splendopleure 1386 
Aphyosemion spurelli 1582 

Aphyosemion striatum 91, 1582 
Aphyosemion toddi 1582 

Aphyosemion walkeri 91, 1386, 1387, 1582 
Aphyosemion werneri (jonklassi) 1582 
Aplocheilus annulatus 1386 

Aplocheilus bifasciatus 1386 


Aplocheilus chaperi 1386 


Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 


Aplocheilus 


chevalieri 1386 
dageti 1386 

dayi 1386, 1582 
deyi 91 
fasciolatus 1386 
grahami 1386 
lineatus 91, 1386 
longiventralis 1386 
macrostigma 1386 
panchax 91, 1386 


sexfasciatus 1386 


spilargyreius 1386 


Apomotis 696, 1070 


Apomotis cyanellus 696, 1070, 1193, 1545 


Arctogadus glacialis 1212 


AGESECTCAChYS NObI1Is' 139, 177) 178,179) 264,338, S39), <40,, 
CUZ IZ I ZO peo oOn Goon LOO, -L002,.) 1514. 1545,. 2565, 
1645, 1646, 1647, 1803 


Aristichthys nobilis x Hypophthalmichthys molitrix 1803 


Arx 88 

Asp 1327 

Aspik 1555 

Asplus saspius, 290, 1252, 1327, 1698 

Astyanax 900, 1256, 1263, 1264, 1585, 1745, 1748 


Astyanax x Anoptichthys 1748 
Astyanax antrobius 1439 
Astyanax fasciatus 1257 


Astyanax hubbsi 1439 
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Astyanax jordani 1439 


Asitvanax mexicanus'321, 1257, 1262, 1263, 1264, 1375, a3e8s), 
IS89P aso M7 Sa AS 46) aS 


Astyanax mexicanus x Astyanax antrobius 1264 
Astyanax mexicanus x Anoptichthys hubbsi 1746 
Astyanax microphtalmum 94 

Astyanax ogoense 94 

Atherina pontica 1193 

Atherinomorpha 86 

Atherinops affinis 491 


Azumanishiki 190 


Babusca 471 

Backorring 491 

Backroding 172 

Bahu 1467 

Baran 1062 

Barb, cherry 558 

Barb, golden 590, 944 
Barb, rosy 840, 944 

Barb, ruby 944 

Barb, Schubert's 590 
Barb, tiger 840, 944 
Barbus 247 

Barbus alluaudi 247, 248 
Barbus barbus 908, 919, 1341, 1342, 1708 
Barbus brachycephalus 908 


Barbus capeto 507 


236 


Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Barbus 
Bass, 

Bass, 

Bass, 


Bass, 
1 


capito 908 

capito conocephalus 1595 
comiza 144, 145, 908 
conchonius 504, 840, 944 
cyclolepis 1342 

Lacerta 506,/ 507, 
longiceps 247, 652 
macrocephalus 144, 145 
meridionalis 919, 1708 
meridionalis petenyi 908 
microcephalus 908 

murna 507 

nigrofasciatus 504, 944 
petenyi 1341, 1342 
plebejus 908 
semifasciolatus 944 
steindachneri 144, 145, 908 
sumatronus 840 

tetrazona 320, 1185, 1188 
titteya 558 

tropidolepis 248 
Florida largemouth 427, 783 
guadalupe 547 
hybrid 300 


largemouth 388, 395, 400, 430, 714, 783, 
OilO), WAS), alow ilgalee algal algae. aly/As} 


T7380 LIS A407 Vi 42 


Bass, 


largemouth black 860 
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860, 
M736), 


1009, 
Sis, 


Bass, largemouth (Florida) 1250 

Bass, largemouth (northern) 1250 

Bass, largemouth (spotted) 1147 

Bass, largemouth x Bass, smallmouth 1716, 1722 
Bass, Neosho smallmouth 761 

Bass, reciprocal 1377 

Bass, red tail 96 

Bass, rock 388, 430, 1627 


Bass, smallmouth 388, 400, 430, 547, 860, 1009, 1010, 1105, 


P47, 21Z2507-s1267, 1714, 1716,.1722). 27237, 473i DAO aa 


Bass, smallmouth x bass, largemouth 430, 1722 

Bass, smallmouth black 860 

Bass, spotted 430, 1105, 1267 

Bass; °striped 115, 120, 125, 260, 261, 300, 384,490) 705, 
2d. S41, 842, 843, 965, 976, 1160,.1374 1308) sia 
Hr4387 51483, 1509, 1537, 17005. 1750), 2/Sie a7 SZ 

Bass, striped x bass, white 260, 261, 300 

Bass, striped hybrid 883 

Bass, owhite: 115, 120, 125, 260, 261, 300;> 314), 322, 384; 
490, 705, 727, 767, 841, 842, 843, 965,. 976, 1160, 1314, 
[3S was, L438, 1483), 1509. £503; W537 00 als 75 OF 
eee, 752 

Bass, white x bass, striped 260, 261 

(Bass, white x bass, striped) x bass, striped 261 

Bass, whiterock 125 

Bass, yellow 300, 314, 322, 1438, 1700 

Bata 53 

Bata-calbasu 405 

Bathygobius 653 


Bathygobius andrei 654 
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Bathygobius soporator 654 

Batrachus tau 1431 

Belone acus 1193 

Belugas 56,7406 p10), e251, i285 7317, S69, 370,5374,,. 372,, 406; 
bis, 604, 9651, 786, 797, 825, S8l, 903), 79Rl, 2912 7.2003), 
Io eh ee | Uae Xo) a alate abate yyy alaleys}e ababe yay pe alaltesyewalale yey alalicye} 
TQS), 1200, 1201, 1346, 1432 ,°1434, 1471). 1472 

Beluga sxisterlet 251, 369), 370, 2192,-1193 

Beluga x sterlyad 1194, 1200 

Beluga x sterylad 56, 371 

Beluga, Amur 996, 997 

Beluga, sturgeon 420 

Beluga x (Beluga x sterlet) 1191, 1193 

Beluga x (Beluga x Sterlyad) 1200 

(Beluga x sterylad) x (Beluga x sterylad) 56 

Beluga x Sterlydy 1193 

Beluga x ((Beluga x sterylad) x (beluga x Sterylad)) 56 

Belugo, Amur 178 

Belugo, tolstolobika 178 

pester 25lne2S5, whe, 92, 1198, T3277 13438) T436 

Betta imbellis 1344 

Betta smarogdina 1344 

Betta splendens 1329, 1344 

Big head 405, 410, 1645 

Bighead 1001, 1002, 1371, 1684, 1685 

Bigmouth 141, 1755 

Bik 1062 

Birbal 405 


Birychok 1193 
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Biryochok 1193 

Biwamasu 1544, 1546, 1549, 1551 

Biwa-masu 1543 

Biwia lenoke 491 

Biwia zezera 405, 491 

Blackfish 1147 

Blackfish, Sacramento 357, 383 

Blageon 188 

Blasik 1555 

Bikeake290); 4297, 667, 905, 1205, 1280, 12572; sei 2Zox ioe 


Bivecabyjoerkna 290, 429, 799, 905, 961, 1193S) "1251 e12537 
1A. wsS9;, 12382y 1698 


Blicca bjoerkna bjoerkna 241, 739 

Bliccopsis abramorutilus 961 

Bliciopsis abramo-rutilus 1251 

Bloater 390 

Bitmeqully 233) 2347423554254, 257, 331,. 332,-379,° 388, 3S0) 
395), 400, 430, 473, 545, 556, 557, 561, 6135) 7137 uae 
TAM; 763), 764,. 793, 8347, 954;,) 955210092. JOO), 10437 OSTe 
MOO? PLLA Aaa Ve, 7 sei, TSO, Tal44 OA ela 2 a. elo 2a 
7, ALB, 7S, ei ZO, aed, Ae S'S), 1739 aan? ale 

Bluegill, green 545 

Bluegill, hybrid 926 

Bluegill x sunfish, green 331 

Bluegill x sunfish, redbreast 388 

Bluegill x sunfish, redear 388, 473 

Bluegill x warmouth 1009, 1010 

Boleosoma nigrum 659 


Boleosoma nigrum eulepis 659 


Boleosoma nigrum nigrum 659 
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Bonytail 1496 

Boolara 1153a 
Bora-tanago 1543 
Brachiodanio rerio 629 
Brachydanio 758, 1561 


Brachydanio albolineatus 457a, 538, 591, 592, 711, 758, 1068, 
1281 


Brachydanio frankei 590, 758, 925, 1068, 1069 
Brachydanio nigrofasciatus 558, 590, 591, 758, 1068 


Brachydanvo *rervo 3207) cA Saye Oo Sie DOS DoIOnn Dol O92), faa De), 
92 5 O68) LO6os Sires S Beer Zea 


Brachydanio sp. 591 
Brachydanio tweediei 1068 
Brachymystax lenok 267 
Brama brama 1359 


Bream 326, 364, 395, 429, 473, 474, 667, 681, 682, 690, SsiGa;, 
SISOS, 294 2205; 13275 13707) U572 7 AI 24 el 2S elice, 


Bream, black 526 

Bream, buggenhagen 1253 
Bream, eastern 1370 

Bream, giant Georgia 1406 
Bream, pomeranian 1725 
Bream, red 526 

Bream, silver 429, 1251 
Bream, white 667, 905, 1205 
Breme 1253 

Brevoortia 804 


Brevoortia patronus 952, 959, 1286, 1287, 1323 
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Brevoortia smithi 488, 489, 624, 756, 952, 959, 1286, 1287, 
1323, 1646a 


Brevoortia tyrannus 488, 489, 624, 756, 952, 959, 1286, 1323, 
1646a 


BrvilecOon 572, 1296) 332 
Broding 984 

Brookinaw 352, 406, 425, 707, 1049 
Brownbow 491, 1049, 1050, 1088 
Bubble eye 1801 

Burtalo, Digmouth 332, 337; 675; 1523 
Burfralo” black 1447," 337,,, 675i, 2ors3 
Buffalo, mongrel 1480 

Buffalo, smallmouth 332, 675 
Buffalo, sulpin 619 

Buffalofish, bigmouth 445, 1755 
Buffalofish, black 445, 1755 
Buffalohead 546 

Bullhead 1667 

Bullhead, black 1424 

Bullhead, brown 1424 


Burdur 1669 


Ca tram den 1617 
Ca chep 1617 

Ca diec 1617 

Ca me hoa 1617 
Ca me trang 1617 


Ca tram co 1617 


i 
» 
is) 


Calbahu 907, 1467 

Calbasu 34, 53, 405, 406 
Calbasu gonius 405 
Calbasu-mrigal-calbasu 405 
Calbasu-rohu 405 

Calico 190, 1543, 1801 
Campostoma 1042, 1074 


Campostoma anomalum 392, 610, 665, 1074, 1144, 1338, 1352, 
1353, 1496, 1743 


Campostoma anomalum anomalum 359, 360, 442, 1354 

Campostoma anomalum auratus 1480 

Campostoma anomalum oligolepis 363, 376 

Campostoma anomalum pullum 359, 360, 363, 376, 442, 1354, 1480 
Campostoma ornatum pricei 1105 

Capoeta damascina 652 

Capoeta damascinus 247 

Carangoides caeruleopinnatus 1749 

Carangoides malabaricus 1749 

Carassiops 1523 


CahasSTUS# LS (S00. 2207, 128, SLL) Or Win SU lye LOLA eo, 
LENO DT OS E2537, ebZ80 


Carassius asuratus 1565 

Carassius auratus Aya aol BS e 2a at, 2901332), £017, O29), 
6S, JOS, 720, J23, F423, >i 166 Sioa, S77a, 878i, S02), 
BOOZ LOO5 4 0S. 6 lS 3ial LSS SG iOS 22 Sime 27a 
1280, L349), "13915. 392, . 4a. T4sh e444 41496415057 
15547-30570, 157i, 1596 1668),>417: 74). 13802: 

Carassius auratus X Carassius Carassius 1413 


Carassius auratus auratus 241, 398, 875, 876, 1168, 1187 


Carassius auratus buergeri 876 
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Carassius auratus cuvieri 875, 876, 879, 1224, 1411 

Carassius auratus cuvieri x Cyprinus carpio 1411 

Carassius auratus (Demekin variety) 1554 

Carassius auratus gibelio 79, 85, 97, 131, 254, 290, 720, 
8357 12797 1349 

Carassius auratus grandoculis 876 

Carassius auratus langsdorfi 1411 

Carassius auratus langsdorfii 874, 875, 876, 877, 878, 880 

Carassius auratus subspecies 876, 877, 878, 880 

Carassius auratus (Wakin variety) 1554 

Carassius buergeri 1566, 1426 

Carassius. Carassius 79, 853,97 « ASL; 240761254) 2 90) e429; 
720, 182, 808, 873, 874, 876a, 902, 1004, 1005, 1024" 
O22 AO2 ee AISS+s 12215 1280, JS49). 1359) S69) el SiOr 
3347 139. L413; 2602, £667, 1668, 1673, asl ey 

Carassius Carassius X Cyprinus carpio 1193 

Carassius Carassius auratus 405 

Carassius carassius haematopterus 1600 

Carassius cuvierl 1426 

Carassius langsdorfi 1426 

Carassius langsdorfii 1566 

Carassius vulgaris 131 

Carp.75, 221, 131, 171, 177, 183, 2287 229)2323 05, 254762867 
332,377, 398, 410, 412, 416,. 429, 442, 47a), 483) 725497 
5575775 1098), 761.97 657 1667 2/691 ,on/09),; 7206 ZS ibis LOO 
W788, 835, 853, 875,5 904,- 90a, G18, 9207 9967 997F .998F 
LOOK L002)" 1009;7 10241 1025, LO25ayy 1OZ6ry HO2Z8Te 0627 
LO6Ay = 1085;,) L105, 5 71975 Aas aD eS A Arie ely alle 
12045" 1222; 12230 1224, 125334 126672 1280%a I 288ra 29 4y 
1370), 137L, 1372, 1373, 1405, a4. 7 43425) aS 
1480, 1496, 1505,: 1514, 12515, L5Sii6.. a Sis7 a5 23) ellos 5y 
1543, 1547, 1570, 1571, 1598, 1599) 16037 1604lo2s) 
1641, 1644, 1645, 1667, 1685, 1688, 1689, 1727, 1766, 
LOS r eA oO ene Os VOOG 

Carp x Carassius 728 
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Carp x carp, Silver 228 
Carp x yellowfish, clonewilliam 1535 


Carp, American 1008 


Carp, Amurns60 Lisi 254, 401,853, 856, 858, 1909), 
8; ZI Ie oOo, LOZ6, GOS LOS, 687 tools, 


Carp, Amur grass 179 

Carp, Amur sazan 1787 

Carp, Amur white 536 

Carp, Amur wild 177, 864 

Eauprebig belly 771, 7.73, 1120, 34122), 1123), 1768 
Carp, big-belly 1767 

Carp, big head 228, 405, 1012, 1565 


earpr bighead 121, 177, 179), 264, 338, 339, 672, 
1803 


Carp, bighead x carp, silver 1803 
Carp, bighead grass 179 

Carp, bigheaded 404 

Carp, bikack: 1617 

Carp, blue 1i22, 1768 

Carp, blue-grey 771 

Carp, blue grey 773, 1768 

Carp, blue grey x carp, gold 773 
Carp, chep 1617 

Carp, Chinese 405, 774, 1119, 7-aa'22,..1 767. 
Carp, Chinese big-belly 1119 
Carp, Chinese big belly 774 

Carp, Chinese grass 179, 1008 


Carp, Chinese strain 1769 
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IDS Ar 


1081, 


1646, 


1805 


Carp, common 355, 403, 813, 1568 


Carp, Crucian 254, 429, 667, 720, 813, 857,987 920,) 9475 


1025, .l025a7 1028, L413 7 269 Orls7297. 

Carp, czech 1079 

Carp, Danube wild 236 

Carp, domestic 236, 1365 

Carp, domesticated scaled 298 

Garp, Dor hybrid 1797 

Camp, Dor=/0) 77l, 1122, 1768, 1769 

Carp, eastern 861, 1179, 1435 

Carp, Huropean 774, 856, 1119, 1123, 1767 

Carp, European mirror 1120 

Carp, frame scale 177 

Carp, funa 1279 

Carp, Galician 858, 864, 1079, 1178 

Carp, Galician mirror 60, 858 

Carp, Galician mirror x Carp, Amur 858 

Carp, Galicienne 1280 

Carp, German 1547, 1548 

Carp, German scaled 1548 

Carpregold~ 7717" 773,-L122, 1768, 1769 

Carp, golden 1617 

Carp, gold big belly 773 

Carp, gold big belly x Carp, gold 773 

Carp, grass 124; 177, 228, °264, 338,.339'7 3557 405 40F 
672, 6947 410027 #10077" 1012, “1080, -13 70 eS Abel Sii2r 
14697 1513, L514, L515, 156; 565) aonb 

Carp, grey 1768 


Carp, Hol-B 771 
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1405, 


Carp, 
Carp, 
Carp, 
Carp, 


Carp, 


Holland B 1768 
Hungarian 1373, 1765 
Indian 403, 405 
Indonesian 856 


Israeli 536, 1513 


Carp, Israeli mirror 1080 


Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 


Carp, 


Carp, 
Carp, 
Carp, 
Carp, 
Carp, 
Carp, 


Carp, 


Japanese 1547, 1548 
Japanese colored 97 
Kawachi Crucian 813 
koibuna 782 

Korean Russian 827 
kurak 728 

kurk strain 858 
kursk 858, 1805 
large scale 1691 
lausitz 1280 
Heachers7S5 

line 545 

luskata 921 


mirror 298, 545 95/85)/26858, 72864 ,. 1282 . 53970), 


SAY, “S48 2568, 1805 


mirror xX Carp, amur 858 
mud 254, 1565 

nas 1122 

Nasice, 771, 112271768 
Norgorod 1805 

olt 1280 


ornamental 831 
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DZ 6% 


Carp, Polish 1765 

Carp, pond 286 

Carp, Prussian 254 

Carp, ropsha 189, 401, 855, 857, 863, 864, 865, 866, 
909 (922, 2178, 1180, 2435, 1527, 1597, 600A; 
1614, 1690, 1805 

Carp, ropshian 858, 862 

Carp, sazan 1604 

Carp, scale 177, 545 

Carp, scale x Carp, mirror 545 

Carp, scaled 1805 

Carp, scarlet 875 

Carp, scattered type 864 

Carp, silver 53, 177, 228, 355, 404, 405, 410, 672, 
NOOZ, LOOT, 1370, B37L, 1469, i507, 1565; ese; 
97, L803 

Carp, small scale 1687, 1691 

Carp, smallhead 1603 

Carp sp. 404 

Carp, suit-ghiol 1280 

Carp, Szarvas 1765 

Carp, Transcaucasian 856 

Carp, Ukranian /858 (862, ,1081,. 5277) a603)7 Lele 

Carp, Ukranian ropsha 864, 865 

Carp, Ukranian scaly 1282 

Carp, Ukranian white 1603 

Carp, white Amur 1080, 1411, 1413 


Garp, watd 177. 286, 298, 41:6,::728, 19097) 282) 1365), 
TSAO; £435), Pol4, 1527 


Carp, wild Amur 1288 
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901, 
16017 16037 


1684, 


Carp, Yamato 1547, 1548 

Carp, yanco 1153a 

Carp, Yugoslavia strain 1769 
Carpio kollari 869, 1359 
Carpiodes carpio 775 

Carpiodes cyprinus 775 

Carpiodes velifer 775 

Caspialosa kessleri 1349 
Caspialosa kessleri pontica 1349 
Caspialosa pontica 1349 

Catfish, albino channel 1713 
Catfish, black bullhead 535 
Catfish, blue 254, 445, 495, 533, 534, 535, 676, 1424, 1794 
Catfish, brown bullhead 535 


Catiish,! channel’ 96, 254, 445 ,3;495,,, 533, 534,. 535,676, 
SOF UZIS). foe 


Catfish, flathead 535, 1424 

Catfish, white 533, 534, 535, 1119, 1424, 1794 
Catfish, wild channel 1713 

Catfish, yellow bullhead 535 

Catla 53, 254, 405, 406, 798, 1643 


Catlacat la 53, 139 ~:402, -403, 404;, 405, 406), .408,,.1694., 7/28, 
MIG 198, LOOG a LAO S65; 64s 


Catla catla x Labeo rohita 404 
Catla-calbasu 405 
Catla-mrigal-calbasu 405 
Catla-rohu 405 


Catostomus 279, 1099, 1105, 11937, 5247, 1642 


249 


Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 


Catostomus 
LIL TS hs 


Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 


Catostomus 
1174, 


Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 


Catostomus 


ardens 938a 

brevirostris 938a 

catostomus 332, 1144, 1171, 1173, 1235 
clarki 882; 1635 


columbianus 1105 


commersoni 191, 332, 745, 938a, 1032, 1105, 1144, 
(4 2D, 23/5 

commersoni suckleyi 1424 

commersonii 336, 1171 

commersonni 1125, 1126 

discobolus 745, 938a, 1173 

fumeiventris 938a 

INSTONTS.6096,, 11005) 1523 

latipinnis 249, 696, 745, 938a, 1105, 1173, 1642 
latipinnis discobulus 696 

latipinnis latipinnis 696 

Juxatus 176, 938a 

macrochneriius 191, 332, 336, 1105, Wigs iae7sr 
OST, el Zlt2t Y aE23'5 

microps 1149 

occidentalis 1149 

(Pantosteus) santaanae 938a 

platyrhynchus 766, 1147, 1235, 1635 


Santaanae 938a 
santannae 279 


snyderi 176, 938a 
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Catostomus sp. 1105 

Catostomus syncheilus 1193 
Catostomus tahoensis 766, 938a, 1147 
Cavefish, chica 1375, 1439 

Cavefish, Pachon 1375, 1439, 1748 
Cavefish, river 1375, 1439 

Cavefish, Sabinos 1375, 1439, 1748 
Cazan 1193 

Celestial 1801 

Centrarchus macropterus 358, 388, 677 
Centropyge flavissimus 1525, 1561 
Centropyge vroliki 1525 

Centropyge vrolikii 1561 
Cephalopholis fulva 1476, 1592 
Chaenobrytthus 1083, 1084 
Ghaenobryctus) 528,860, A711 ,27 1712 
Chaenobryttus x Lepomis 1711 
Chaenobryttus coronarius 767 
Chaenobryttus cyanellus 1105 


Chaenobryttus gulosus 224, 410, 411, 677, 757, 
LOOST AVOU0; 1083, L084,.1L0S), 7a a2 


Chaetodon 219 

Chaetodon aureofasciatus 1304 
Chaetodon auriga 1304 
Chaetodon ephippium 350, 1304 
Chaetodon kleine 1304 
Chaetodon lunula 1304 


Chaetodon meyeri 1304 
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13%, 
139 


Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Chaetodon 
Char 330, 


TOS O;, 
1540, 


miliaris 1304 
multicinctus 1304 
ornatissimus 1304 
pelewensis 1525, 1304 
punctatofasciatus 1304 
punctofasciatus 1525 
rainfordi 1304 
semeion 1304 

tinkeri 1304 
unimaculatus 1304 
xanthocephalus 350, 1304 
A945, SOL; 


HOOF LO937 
1541 


550, 645, 
1205} 


696, 
1259); 


729; 
E357; 


841, 


Char x Trout, brook 1367 


Char, 
Char, 
Char, 


Char, 
1541 


Char, 
Char, 
Chai, 
Char, 
red 


Char, 


Char, 


American 6, 


Arctic 425, 


brook 1052, 


lake 1052, 


alpine 689 


1006 


American brook 1328 


590), 1626, 627, “689, 1259), 


aurora 272 


PMS 57) S90 


Japanese 751 


£t55,, 1590 


LOD 


Siberian 226 


Characodon lateralis 579 


Charr, 


arctic 803, 


984 


252 


1356; 


935720999; 
1366, 


Lah, 


1497, 


1006, 
1367, 


1498, 


Charr, 
Charr, 
Chari: 
Charr, 


Charr, 


aurora 274, 1303 

brook) 237.2977, 984, 10437. 1303, 1728 
lake’ 297, 850, 12203 

lake x Charr, brook 297 


sunapee 614, 850 


Chasmistes brevirostris 176, 938a, 1147 


Chasmistes liorus 938a 


Chasmistes luxatus 1147 


Chasmistes snyderi 1147 


Cherepakha 1062 


Chir 309, 310, 643, 644, 1677, 1679, 1680 


Chiropeops goodei 1193 


Chirostoma chapalae 252 


Chirostoma consocium 252 


Chirostoma lucius 252 


Chirostoma sphyraena 252 


Chodskoi sir 1207 


Cholcalburnus chalcoides 905 


Chondrostoma nasus 290, 814, 905, 1193, 1341, 1359, 1369 


Chondrostoma phoxinus 1383 


Chondrostoma rysela 1507 


Chondrostoma toxostoma 1253, 1359 


Christivomer 707 


Chromidotilapia (for) 966 


Chromidotilapia guntheri 966 


Chrosomus 545, 1042 


€hrosomus eos’ 545, 659, 665, 759, 940, 942, 1235, 1424, 
1520 


253 


p AkS7A0) 


T5197, 


Chrosomus erythrogaster 442, 610, 659, 665, 1212, 


Chrosomus 


Chrosomus oreas 665 


Chrosomus phoxinus 1074 


Chubn429;,5 6677-21093; 4-1147), 12057. 1280, 1572, 3972677 Li27 


Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 
Chub, 


arroyo 663, 664, 1147, 1496 
bluehead 1496 

bonytail 1105 

Colorado 1105 

common 1144 

creek 545, 1144, 1352, 1353, 1496 
horneyhead 1352 

hornyhead 1266 

humpback 1105, 1496 

lake 374a, 390, 1173, 1235 
mohave 664, 928, 1496 
mohave tui 1147 

peamouth 326, 390 

Rio Grande 938a 

river 458, 1353, 1496 
speckled 1144 

spotted 1617 

sturgeon 1144 

thicktail 356 

TMs 35, 363 


white 1617 


Chumpy 37, 39, 40 
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neogaeus, 545, 759, 940, 942, 1235, 24247 5197 1520 


Cichlasoma biocellatum 1339 
Cichlasoma cyanoguttatum 767, 966 


Cichlasoma meeki 670, 966, 1339 


Cichlasoma nigrofasciatum 221, 670, 966 


Cichlasoma nigrofasciatus 1339 
€rehlid, convict 1339 

Cichlid, firemouth 670, 1234, 1339 
Cichlid, Texas 1234, 1339 

Cichlids 899 

Cichlosoma citrinellum 975 
Cichlosoma cyanoguttatum 887, 1591 
Cichlosoma cyanoguttatus 1234 
Cichlosoma labiatum 975 

Cichlosoma meeki 1234 

Cichlosoma nigrofasciatum 1808 
Cichlosoma silurius 1808 

Ci 30;,--16 77. 

€r7rhina 1372 

Cirrhina molitorella 728, 799, 1371, 
Cirrhina mrigala 53, 402, 405, 694, 
Cirrhina reba 402, 405, 694, 728 
Cirrhinus molitorella 254 


Cirrhinus mrigala 406, 798 


1565 


728, 1468, 1643 


Gisco 646, 889, 890, 1213; 1235 Aal260 451276, 


Cisco x Coregonus albula 890 
Cisco, lake 1235 


Cisco, Onega 889 
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1470, 


ASS) 


Ciscoes 272 
Clarius macrocephalus 105 


Clinostomus 1042 


Clinostomus elongatus 610, 659, 665, 1338, 1352, 1424, 1496 


Ghinostomus funduloides 458; 622; 2665, 1692, 693% 1157) 1338" 


1496, 1743 
Clinostomus vandoisulus 610 
Clownfish 100 
Cobitid 1086 
Cobitis 528, 872 
Cobitis aurata 507 
Cobitis balcanica 244, 246 
Cobitis biwae 131, 1193, 1545 
Cobitis bulgarica 244, 246 
Cobitis radnensis 244 
Cobitis taenia 6, 188, 872, 1545 
Cobitis taenia striata 1103 
Cobitis vallachia 246 
Cobitis vallachica 244 
Cod 1431 
Cod, Pacific 1424 
Coho 426 
Colisa fasciata 1664, 1665, 1666 
Colisa labiosa 1512 
Colisa lalia 1512, 1664, 1665, 1666 
Comesh Lydoga 1193 
Comet 1543 


Conger conger 86 
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Convict, pink 670 
Coregonids 136 
Conegonus, 49)1,.:608;4'675, (899, 1063, 1212, 1213, 1260, > 1524 
€onegonus albula,177;4 254, 572, 609, 669, 884, 890, 1024, 1255 
Coregonus albula ladogensis 491, 1686 

Coregonus albus 491 

Coregonus artedi 272, 1235 

Coregonus artedii 936, 1276, 1555 

€oregonus autummalis 147, 184, 272, 287-922, 1327 

Coregonus autumnalis migratorius 1449 

Coregonus baeri 491, 1029, 1543 

Coregonus baerii 669 

Coregonus clupaeformis 608 

€oregonus; clupeaformis 272, 491, 1235, 1276, 1555 

Coregonus hoyi 936 


Coregonus laurettae 147 


Coregonus Javaretus, 150, 184, 491, 572, 609, 923, 927, 1024, 
U255;, 1441 7.1555, L683 

Coregonus lavaretus baeri 491, 646, 691, 1004, 1005, 1363, 1364 

Coregonus lavaretus baerii 491 

Coregonus lavaretus lavaretus 1064 

Coregonus lavaretus ludoga 177, 486, 491, 646, 1449 

Coregonus lavaretus maraenoides 254, 486, 884, 890, 1024 


Coregonus lavaretus 
Coregonus lavaretus 


Coregonus lavaretus 


Inarmaenoides 799 
pidschian 150 
(whitefish) 272 


Coregonus macrophtalmus 1672 


Coregonus muXsun 272, 


Bot) CA AS e SA. SVT 
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Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 


Coregonus 


musksun 147 

nasus 272, 309, 797, 889, 1673, e797 1680 
nelsoni 1441 

nipigon 1555 

oxyrhynchus 491, 572 

peled 150,309, 4.799, 884, 889, 1678) 1679), 1680 
pidschian 147, 272, 453, 572, 1441 

pollan 572 

Schinzi. 1672 


schnizii 1683 


Cottus bairdi 938a 


Cottus bubalis 188 


Cottus cognatus 938a 


Cottus GOod10.173,,.1212 


Cottus klamathensis 938a 


Cottus poeciliopsis 1212 


Cottus poecilopus 173 


Cottus princeps 938a 


€ottusi sp. 


938a 


Cottus tenuis 938a 


Couesius 1042 


Couesius plumbeus 374a, 1523 


Crappie, A black 332, 379, 388, 400, “430, 7527, £009, “loro; 


1087, 


VAAN AZE, “L627, i339 


Grappie, white 332, 379, 388, 400, 527, 10097) A010, 10877 


1144, 


1424, 1480, 1739 


Crenilabrus cinereus 688 


Crenilabrus melops 691 
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Crenilabrus ocellatus 688 

Crenilabrus pavo 691 

Crenilabrus tinca 691 

Crenuchus spilurus 1734 

Cristivomer namaycush 1245 

Cristovomer 390 

Crucian, Savinsk silver 254 

Ctenolabrus 691, 873, 1193, 1431 

Ctenopharyngodon idella 124, 177, 178, 179, 227a, 228, 264, 
Sh 3387" 339 / "355, 25367 094) e721 2675198, 6846, "996, 
S987 L002, 1007, LOl2 710807 1369137070 fa 43S); 
1469721 504, 1515, -l5i7, V5457) 155354 1582a,- 1644, 1645, 
1647 

Ctenopharyngodon idellus 139, 410, 1543, 1565 

Culaea inconstans 1175 

Cunner 1431 

Cyclogaster owstoni 1543 

Cynoglossus 1296 

Cynoscion regalis 1022, 1744 

Cyprinodon 679, 1620 

Cyprinodon alvarezi 679 


Cyprinodon atrorus 94, 448, 1530 


((Cyprinodon atrorus x (Cyprinodon atrorus x Cyprinodon 
rubrofluviatilis)) 448 


Cyprinodon atrorus x Cyprinodon macularis 94 


Cyprinodon atrorus x Cyprinodon rubrofluviatilis 94, 448, 
449 


Cyprinodon atrorus EF, 94 
Cyprinodon bifasciatus 1530 


Cyprinodon bifasciatus x Cyprinodon atrorus 980 
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Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 


Cyprinodon 


bovinus 
bovinus 
bovinus 
elegans 
examius 


eximius 


94, 


938a, 
679 


449, 


122, 448, 540, 607, 839 


x Cyprinodon rubrofluviatilis 449 


x Cyprinodon sp. 449 


1530 


980, 1620 


jamaicensis 492 


macularis 94, 1530 


macularius 
macularius 
macularius 
macularius 
macularius 
macularius 
macularius 
macularius 
nevadensis 


nevadensis 


448, 980, 1620 


xX Cyprinodon nevadensis 1620 


x Cyprinodon nevadensis nevadensis 980 


xX Cyprinodon variegatus 980, 1620 


X Cyprinodon variegatus variegatus 980 


californicus 449 


californicus x Cyprinodon atrorus 449 «x 


macularius 449 


94, 980, 1530, 1618, 1619 72316207 sl6o2m 


amargosae 448, 449 


Cyprinodon nevadensis amargosae x Cyprinodon atrorus 449 


(Cyprinodon nevadensis amargosae x (Cyprinodon atrorus x 
Cyprinodon rubrofluviatilis)) 449 


Cyprinodon nevadensis amargosae x Cyprinodon rubrofluviatilis 


449 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 


Cyprinodon 
449 


nevadensis 
nevadensis 
nevadensis 
nevadensis 


nevadensis 


armagosa 94 

armagosa x Cyprinodon atrorus 94 
mionectes 980 
nevadensis 92, 94, 448, 449, 980 


nevadensis x Cyprinodon rubrofluviatilis 


260 


Cyprinodon ovinus 980 

Cyprinodon pecosensis 449, 540 

Cyprinodon radiosus 980, 1530, 1620 

Cyprinodon radiosus x Cyprinodon nevadensis 980, 1620 


((Cyprinodon radiosus x Cyprinodon nevadensis) x (Cyprinodon 
macularius x Cyprinodon variegatus)) 1620 


Cyprinodon radiosus x Cyprinodon nevadensis nevadensis 980 

((Cyprinodon radiosus x Cyprinodon nevadensis nevadensis) x 
(Cyprinodon macularius x Cyprinodon variegatus variegatus) ) 
980 

Cyprinodon rubrofluviatilis 92, 94, 448, 449, 980, 1530, 1620 


(Cyprinodon rubrofluviatilis x (Cyprinodon atrorus x 
Cyprinodon rubrofluviatilis)) 94 


Cyprinodon rubrofluviatilis x Cyprinodon atrorus 94, 449 


((Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
atrorus)) 449 


((Cyprinodon rubrofluviatilis x Cyprindon atrorus) x Cyprinodon 
rubrofluviatilis)) 449 


Cyprinodon rubrofluviatilis x Cyprinodon bovinus 94, 449 
Cyprinodon rubrofluviatilis x Cyprinodon nevadensis 94 


Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis 
94, 448, 449 


((Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis) x 
Cyprinodon rubrofluviatilis)) 449 


Cyprinodon salinus 448, 449, 980, 1530, 1618, 1619, 1620, 
621 


Cyprinodon sp. 94, 449, 1530 

Cyprinodon sp. x Cyprinodon bovinus 94, 449 

Cyprinodon sp. x Cyprinodon variegatus 94 

Cyprinodon variegatus 122, 492, 540, 607, 839, 938a, 1530 


Cyprinodon variegatus ovinus 980, 1620 
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Cyprinodon variegatus variegatus 448, 449, 980 


Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
254, 


429, 
920, 


aS: 
12235 
IS Ar 
5161 
1645, 


Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 


Cyprinus 


29), 


Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 


Cyprinus 


USI aR Sb RSii/74i7 DEALS) FLU) 72 1 ILaLS)s} 


auratus 1009 

auratus cuvieri 1222 
buggenhagil1 429 

1543 


Carassius 869, 


CarpronS4;,Vad-7, Dasa 5eaS8 ATs 95 TI) 22a; 


ZO4 290792987 311, 332,355), 398, 4057, 7 4107 4loe 

445, 461, 471, 536, 619, 691, 728, 771, 774, 879, 

996, 1001, 1002, 1004, 1005, 1009, 1024, 1027, 1105, 
Hd, W123), L243) tUS3a, UO?) AOS a2 Dilla 
W224 21271, L280; “'289, 1349), 1359) 11369 7s 70F 
1384, 1411, 1413, 1444, 1496, 1505, 1514, 1515, 
1543, (1554, “1565, 1571, W582a; 1602, 1612, 1644; 
N66 ,BUl689%e LAM CNT H27)) Lows s/s 

carpio x Hypophthalmichthys molitrix 264 

carpio aralensis 856 

Garpio Carpio 177,, 241, 254, 856 

Carpio communis 75 

Carpio (European) 866 

carpio gibelio 398 

carpio haematopterus 177, 254, 854, 856, 858, 866, 


15267) 2612 

carpio morpha Aungaricus 506 
carpio (Nishikigoi variety) 1554 
carpio (variety nudus) 1349 
carpio viridoviolaceus 856 
carpuo 1223 

cyprinus 405 

kalleri 872 


kollarii 1026 
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228, 247, 


Dabrel zoo 1331 


Dace!667, 205, 1280), 1726 


pace: 
Dace, 
Dace, 
Dace, 
Dace, 
Dace, 
Dace, 
Dace, 
Dace, 
Danio 
Danio 
Danio 
Danio 
Danio 


Danio 


blacknose 326, 390, 443, 1352 
Carassius 1280 

finescale 545, 1144, 1235, 1496 
longnose 326, 374a, 390, 443, 458, 1173, 1235, 
mountain redbelly 693 

northern redbelly 545, 1144 
redbelly 1235, 1352, 1496 
redside 545, 1352 

rosyside 458 

analipunctatus 1159 

malabaricus 1185 

malabarius 558 

pearl 711 

rerio 1159 


zebra 558, 711 


Darter 767 


Darter, Blue River orangebelly 544 


Darter, greenside 767 


Darter, greenthroat 767 


Darter, Johnny 390 


Darter, orangethroat 544, 767 


Darter, plains orangethroat 544 


Darter, rainbow 767, 1019 


Darter, redfin 1019 
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1353 


Darter, scaly Johnny 659 

Darter, tesselated 390 

Darter, western Johnny 659 

Dionda 1042 

Dionda episcopa 767 

Dionda nubila 628, 1338, 1496 

Dinoda 1042 

Diptychus dybowski 1349 

Diptychus dybowskii 1193 

Diretmus sp. C. 1284 

Discus 590 

Discus, blue 210 

Discus, brown 590 

Discus, red 583 

Discus, torquois 583 

Dlatva 1193 

Dolost 1193 

Dolovoyna 997 

Dorosoma cepedianum 1446, 1447 

Dorosoma cepedianum x Dorosoma petenense 1446 

Dorosoma petenense 1446, 1447 
-E- 

Eel 1280 

Elesh 1193 

ELCCS 11:93 

Elets danilewskogo 1193 


Elopomorpha 86 
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Elsaisen 


Elsasser 


Endemichthys grandipinnis 1147, 
Enneacanthus gloriosus 388, 


Enneacanthus obesus 388, 


508 


Saibling 491 


677 


LOZ, 


Enophrys bison 619 


Entosphen 
Entosphen 
Epinephel 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Epiplatys 
Eremichth 


Ericymba 


us lethophagus 1675 
us tridentatus 619, 1675 
us 1477 

1620 

bifasciatus 91 

chaperi 91, 558 
chevalieri 91 
dageti 91 
fasciolatus 91 
grahami 91 
longiventralis 91 
macrostigma 91 
sexfasciatus 91 
spilargyreus 91 
ys 1042 


1042 


Erimystax 1042 


Erimyzon 
Erimyzon 
Erimyzon 


Erimyzon 


oblongus 695 
oblongus claviformis 938a 
oblongus connectens 938a 


sucutta 695 
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523 


Ersh 1193 
Ershch 1193 
Esox americanus 479, 1046, 1157, 1704 


Esox americanus americanus 349, 475, 478, 482, 1082, 1106, 
1144, 1157 


Esox americanus vermiculatus 349, 475, 478, 482, 1082, 1106 
Esox lucium 738 


Esox Jucius 106, 313, 479, 482, 498, 499, 957, 1046, 1075, 
Aa ehOo 247. 13407 5755 16s 1s ai09 


Esox masquinongy 106, 313, 482, 498, 499, 738, 1247, 1575, 1709 
Esox masquinongy immaculatus 1480 

Esox masquinongy masquinongy 1480 

Esox niger 479, 482, 498, 1075, 1157, 1631 

Esox reicherti 482, 498, 499, 1060 

Esox reicherti x Esox lucius 482 

Esox tridecemlineatus 1704 

Etheostoma 326 

Etheostoma blennioides 767 

Etheostoma blennioides blennioides 442 
Etheostoma blennioides gutselli 1071 

Etheostoma blennioides newmani 1071 

Etheostoma blennioides newmanii 442 

Etheostoma caeruleum 439, 767, 1019, 1125, 1126 
Etheostoma camurum 1807 

Etheostoma chlorobranchium 1807 

Etheostoma flabellare flabellare 1480 
Etheostoma gracile 1239 


Etheostoma jessiae 938a 
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Etheostoma kKennicotti 1236, 1237, 1238 
Etheostoma lepidum 191, 362, 767 

Etheostoma lineolatum 1480 

Etheostoma nigrum 1044 

Etheostoma nigrum digitale 611 

Etheostoma nigrum eulepis 545, 616 
Etheostoma nigrum maculiceps 611 

Etheostoma nigrum nigrum 545, 616, 1518 
Etheostoma nigrum susanae 1518 

Etheostoma obeyenese 1236 

Etheostoma olmstedi 938a, 1044 

Etheostoma olmstedi atromaculatus 1424 
Etheostoma olmstedi olmstedi 1424 
Etheostoma proeliare 362 

Etheostoma radiosum 539, 542, 543, 544, 938a 
Etheostoma radiosum cyanorum 544, 736, 938a 
Etheostoma rufilineatum 1807 

Etheostoma smithi 1236 


Etheostoma spectabile 191, 362, 439, 539, 542, 543, 736, 
WOH, AS AAG alalaye 


Etheostoma spectabile pulchellum 544, 1762 
Etheostoma spectabile spectabile 1762 
Etheostoma squamiceps 1237, 1238 
Etheostoma stigmaeum 362, 938a 

Etheostoma tetrazonum 767 

Etheostoma tippecanoe 1807 

Etheostoma whipplei 1019 


Etheostoma zonale 1613 
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Eudemichthys grandipinnis 768 
Eudontomyzon mariae 698 


Eupomotis 696, 1070 


Eupomotis gibbosus 696, 1070, 1193, 1545 


Euthynnus pelamis 1075 
Euxiphipops sexstriatus 1525 
Euxiphipops xanthometapon 1525 
Exoglossum 1042 

Exoglossum laurae 938a 
Exoglossum maxillingua 938a, 1496 


Extrarius 1042 


Fy 859 


FE. 449 

Fallfish 1496 
Fantail 1801 
Firestone 88 
Firetex 1234 
Fish, mule 259 
Flier 388, 1480 


Flounder 142, 264, 473, 474, 631, 
A957; L296, 2298), 1299 7 1300; 


Flounder, starry 619, 710 
Fluke LDH 1013 
Flunder 979 


Flusz-fisch 1746 


1009, 


lS }S)au F 


12207 12937, 12947 


1368, 1460, 151477 sb6s9 


Runa doi, 691, 782, 873, 1026, 1204, 12227) l223 224 lee 


1543 
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Funa x Carp 691, 1224, 1543 


Funa goldfish 1204 


Fundulus 


520778 OU, a OOl wae is poll O44, el OS pela) S14) 515, 


T5u6, USde7  oZo 


Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


catenatus 528 

chrysotus 528, 767 

confluentus 528, 938a 

diaphanus 414, 415, 596, 691, 938a, 1431, 1496 
diaphanus diaphanus 94, 333, 1193, 1424 
grandis 528 


heteroclitus 333, 378, 412, 414, 415, 596, 691, 938a, 


LOST LSS 437 t496, 51510, 1744 


Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


heteroclitus macrolepidotus 1193, 1424 
kansae 94, 1144, 1193 

luciae 378 

Majalis 4127414, 691), 1193,7 1431-1510 
hotatus 302, 442, 484, 528, 677, 1241, 1588 
notti 528 

olivaceus 302, 442, 484, 528, 677, 1241, 1588 
parvipinnis 491 

pulvereus 528, 938a 

Sciadicus 1144, 1193 

similis 528 

thierryi 91 

xenicus 528 

zebrinus 94 

zebrinus kansae 528 


zebrinus zebrinus 94, 528 
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=C= 
Gadus macrocephalus 491, 1466 
Gadus morhua callarias 1459 
Gadus morhua morhua 1459 
Gadus morrhua 688, 1193 
Gadus ogac 1212 
Gambusia affinis 90, 618, 767, 938a, 1054, 1101, 
Gambusia affinis affinis 303, 1104 
Gambusia affinis holbrooki 303, 617, 938a 
Gambusia aurata 1101 


Gambusia georgel 618 


ELO3; 


Gambusia heterochir 90, 618, 938a, 1101, 1193, 1795 


Gambusia marshi 1104 

Gambusia punctata 618 

Gambusia rhizophorae 617, 618, 938a 
Gan Shemuel 1796 

Gangfish 1672 

Gardon 471, 1253 

Gardonnus rutilus 255 

Gardonus nitilus 1359 

Gardonus rutilus 1359 

Garmanella 679 

Gasterosteus 191, 664, 1176, 1193 


Gasterosteus aculeatus 277, 278, 687, 1496, 1133, 
lime O3. 361, T4431 


Gasterosteus aculeatus 
Gasterosteus aculeatus 


Gasterosteus aculeatus 


(black) 1590 
Jeuirus 1776, 1777 


microcephalus 1355 
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TS), 


1795 


Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gasterosteus 
Gengoro 1543 


Gengoro-buna 


aculeatus (red) 1590 
aculeatus trachurus 1776, 
aculeatus williamsoni 90, 
lerunus 233), 156 
Jeuris 685, 686 
semlarmatus 1212, 1776 
semifasciatus 1156 
sp. 278 

trachiurus 1156 
686, 


trachurus 685, aaks}s} 


wheatlandi 1361 


1426 


Gengorobuna 876 


Genotype 


38 At Se 816 


Wie S—A1'4 


1765=-2+ 


1765=3+ 


1765=11 


Tio >—1'3 


816 
816 
816 
Cam Cb 816 


Cb 816 


TIO VA+ 816 


1800-1+ 
1800-12 


1860-11 


816 
Cb 816 


At SC! 186 


1889a-11 At Sc 816 
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LILY 


13'5'5 


1889b-1 Cb 816 
1889b-2 Cam Cb 816 
1889b-4+ 816 
1962-11+ 816 
2043-1 Sc Cb 816 
2043-2 Cb 816 
2043-3+ 816 
2043-11 Sc Cb 816 
2085-1 Cb 816 
2085-3+ 816 
2085-11 Cb 816 
2085-12 Cam Cb 816 
2085-13 Cam Cb 816 
2085-14+ 816 
2096-1 At 816 
2096-2 Cam 816 
2096-3+ 816 
2096-11 At 816 
2202-1 At 816 
2214-12 Cb 816 

Geophagus brasiliensis 221, 966, 1591 

Gibelio 835 

Gibridii 1690 

Giebel 835 

Gila 200, 1042 


Gila bicolor 206, 768, 938a, 1496 
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Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 


Gila 


Gila 
Gila 
Gila 
Gila 


Gila 


bicolor obesa 1147 
crassicauda 356, 938a, 
cypha 1105, 1496 
elegans 1105, 1496 


intermedia 1105 


mohavensis 90, 664, 736, 


nigrescens 1496 


orcutti 90, 663, 664, 
1496, 1511 


orcuttil 465, 1193 
pandora 938a 
robusta grahami 1105 


robusta robusta 1105 


1496 


665, 


siphateles (bicolor) 357 


Gin-buna 1426 


Ginbuna 875, 876, 878, 880, 


Gingorobuna 875 


Gloteva 1201 


Gnathopogon 1545 


Gnathopogon biwae 1554 


Gnathopogon elongatus 131, 


Gnathopogon 


1549 


Gnathopogon japonicus 405 


Gobio albipennatus 919 


Gobio gobio 919, 1193, 1341, 


Gobio gobio sarmaticus 1341 


1566 


5437, 
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9287, 14967, disum: 


M3.0%\- 928), 93/8iay 


1549, 1554 


elongatus elongatus 131, 264, 405, 


1369.72 1377.0 


1147, 


1543, 


22s, 


1545, 


Gobio kessleri 919, 1341 

Gobius capito 691, 1193 

Gobius cobitis 1275 

Gobius fluviatilis 1274 

Gobius jozo 691, 1193 

Gobius melanostomus 1274 

Gobius minutus 691 

Gobius paganellus 1275 

Goldfish 131, 183, 229, 254, 332, 398, 442, -483, 549, S75; 690" 
HOO, 20a Tol, 7166, 835, 876, 1009; TOSS) halos siaye 
i53a, P68; 1169, 1183, 1186, 1266; 4s els 25) laa 
1473, 114807 2496, 1505, 1513, 1516, 1523711543, es S7O; 
US71, L596), 64a, 1774 

Goldfish x Carp 1413 

Goldgiebel 131 

Golovy 1193 

Gonionotus 1002 

Gorbuscha 1062 

Cositera 1193, 1302 

Gosteva 1201 

Gourami, dwarf chum 118 

Gourami, green 562, 760 

Gourami, pink 562, 760 

Grayling 619 

Crises, L006, 1272 

Grilse x Trout, sea 1272 


Grunion, California 1127 


Grunion, Gulf of California 1127 
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Gudgeon 1280 

Gularis, blue 558 

Guppy, blond 1261 

Guppy, gold 1261 

Guppy, spotted 1261 
Guppy, wild 1261 

Gwiniad 1363, 1364 
Gymnocephalus baloni 744 


Gymnocephalus cernua 744 


Hadropterus maculatus 1760 
Hadropterus sciarus 528 
Halibut 1296, 1298, 1299 
Halibut sp. 366 

Hampala dispar 1562 

Hampala macrolepidota 1562 
Haplochromis 899 
Haplochromus 767 

Havsoring 491, 1497, 1498 
Heleoperca 696 

Heleoperca incisor 696 
Heleoperca macrochryps 1193 
Helioperca 1070 

Hemibarbus labeo 720 
Hemichromis fasciatus B 966 


Hemiculter eigenmanni 355, 996, 1002, 1644 
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Hemigrammus ocellifer 1734 
Hemigrammus serpae 118 
Hemitremia 1042 

Herichthys cyanoguttatus 1339 
Herotilapia multispinosa 1591 
Herring, lake 390 
Hesperoleucas 1042 


Hesperoleucus 206 


Hesperoleucus symmetricus 201, 206, 665, 1147, 1212, 


Hesperoleucus symmetricus subditis 356, 663, 664 
Heterandria formosa 1261 

Hime-masu 1543 

Himemasu 1380 

Hinemasu 1789 

Hippoglossus hippoglossus 1296, 1298, 1299 
Hiraki-masu 29 

Hitch 206, 356, 383, 938a, 1147 

Holacanthus bermudensis 84, 351, 568, 1304 
Holacanthus ciliaris 84, 219, 351, 568, 1304 
Holacanthus isabelita 211, 219, 351, 1304 
Holacanthus townsendi 351, 1304 

Honmasa 776 

Honmasu 1544, 1546, 1549 

Hotoke-dojo 1543 

Hucho 501 


Hucho taimen 267, 491 
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1496 


Huso 406, 728, 1193 

Huso huso* 66), 85,. 196; 215, 24d ae254 23/27, 406). 5131, 61:0), 
Te Ota, OWS akO Sw, aLo alOs ODF SO SF alah. aslo Sy 
1280, 1294, 1346, 1698 

Huso huso x Acipenser ruthenus 1018, 1192, 1193, 1198 

Huso dauricus 1191 

Hybognathus 1042 

Hybognathus hankinsoni 247, 1496 

Hybopsis 1042 

Hybopsis aestivalis 1144 

Hybopsis gelida 1144 

Hybopsis gracilis gracilis 1225 

Hybopsis gracilis gulonella 1225 

Hybopsis plumbea 1170 

Hybrid 853, 892 

Hybrid, zebra 1205 

Hypoglossoides platessoides 1193 

Hypophthalmichehys MOlTtrix 53, 139, 177, 178, 179, (228, 
ZOAT Spy nw LO OZ OIL at 2erm ol On moos, woot LO OZ MOO a 
13697-1370), 1467, V46S, si, 15457. 1565; e645. 16466803 

Hypophthalmichthys nobilis 227a, 228, 1012 

Hypoplectrus chlorurus 1594 

Hypoplectrus guttavarius 1594 

Hypoplectrus nigricans 1594 

Hypoplectrus puella 1594 

Hypoplectrus unicolor 1594 

Hyporhamphus australis 452 


Hyporhamphus melanochir 452 
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Site 
Ichthyomyzon castaneus 1270, 1480 
Ichthyomyzon fossor 1270 

Ichthyomyzon unicuspis 1270, 1480 


miccalunus.cacus 445, S33; .094, O30, O60, ) Tao, ks sie a O2F 
7O37,— 17.94: 


Wetalunus*turcatus 445, 495, 533, 534, 535; .67652.799 0 Lower 
5s 702), L794 


Ictalurus furcatus x Ictalurus punctatus 1531 


((Ictalurus furcatus x Ictalurus punctatus) x Ictalurus 
furcatus) 1531 


((Ictalurus furcatus x Ictalurus punctatus) x Ictalurus 
punctatus) 1531 


mGcalunus melas 445, 535, 741, L0767> 1305: 
mecalunus Natalis 445, 535, 13a 
Ictalurus nebulosus 445, 535, 741, 1076, 1311 


ecalunus punctatus 445, 495, 533, 534512535, O76) 799), 93elay 
NOWi6r AVO VaZ7a 1485, 531, 1702, ees lio 


Ictiobus bubalus 332, 573, 728, 799, 802, 938a, 1105 


netzobus’ cyprinelius 141], 254, 332, 337,. 728,. 799, 802, 
SS Sar ehOSs = al/55 


weerobus niger 141, 254,337,573) 28,3199, 802, 938a;, hos, 
1480, 1755 


Vderayl, “L327 

Inconnu 147, 1260 
Inopsetta 1730 
Inopsetta ischyra 710 
Insjooring 491 
Iotichthys 1042 


Trideus 1047 
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Iwana 1543, 1575 


Iwasu 751 


Jack Dempsey 1339 

Jordan variety 1608 
Jordanella 679 

Jordanella floridae 448, 449 


Judido chromis 899 


Kalbasu 798 

Kamloops 1047 
Kanadoering 1497 
Kanto 875 

Karash 1193 

Karash x Kazan 1193 
Karausche 131 
Kareius bicoloratus 601 
Karosy 1193 

Karp 1193 

Karp, erkalyny 1193 
Karp, ropscha 1081 
Katfish 979 
Kawa-masu 1233, 1543 
Kawamasu 1380 
Kawa-yamame 1575 


Kawachi-buna 1543 
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Kazan 1193 
Ketgorb 98 
Kass fish, banded 511 
Killifish, Mexican swordtail 647 
Killifish, plains 1144 
Kinbuna 875, 876, 878, 880 
Kin-buna 1426, 1543 
Kinranshi 1543 
Kintarobuna 1566 
Koi 97 
Konya populata 1669 
Koritsa 1062 
Kosswigichthys 1669 
Krashoperka 1201 
Krashoperka x Gosteva 1201 
Krashoperka syeva 1201 
Krasnoperka 1193, 1302 
Krasnoperka x Gostera 1193 
-L-=- 


Labeo bata 53, 402, 405, 728, 1467 


Labeo calbasu 53, 402, 403, 404, 405, 406, 408, 694, 728, 


798, 907, 1006a, 1467, 1468 
Labeo capensis 605 
Labeo fimbriatus 694 
Labeo gonius 405, 728 
Labeo molybdinus 605 


Labeo pongusia 405 
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Labeo rohita 53, 138, 139, 254, 402, 403, 404, 405, 


COL 28, TOT OO), LOO oO 7 LOO Gay MES Zi, 
5657, 1643 


Labeo rohita x Labeo calbasu 404, 728 
Labeo rosae 605 

Labeo rubropunctatus 605 

Labeo ruddi 605 

Labeo tropheus fuelleborni 981 
Labeo umbratus 605 
Labeotropheus fuellaborni 869a 
Labeotropheus fuelleborni 966 
Labeotropheus trewavasae 966 
Labrus rupestris 1193 
Lachsbastarden 491 

Lampetra fluviatilis 559, 700 
Lampetra lamottenii 1270 
Lampetra planeri 559, 698, 700 
Lamprey 753 

Lamprey, pacific 619 
Lamprologus 899 

Lamprologus lJeleupi 899 
Larchkarpfen 1787 

Lavaret 491 


Lavinia 200, 206, 1042, 1523 


1467, 


Lavinia exilicauda 201, 206, 356, 768, 938a, 1496 


Lavinia symmetricus 938a 


Laxoring 172 
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408, 


1468, 


Lebistes 1403, 1661 

Lebistes reticulatus 1297, 1403 
Lefua echigonia 1543 

Lefua echigonis 131 

Lepidomeda 1042 

Lepidomedia mollispinis 1478 


Lepomis 206, 358, 528, 547, 860, 1083, 10847 91524, °1620) 417018 
eyale2 


BepomiSLau?tus,203, 224, 388, 490; 677, 767, 01712 

Lepomis chaenobryttus-gulosus 1627 

Gepomis, cyanelius 64, 131, 171, 199, 205, 224, 254, 331), 332% 
388, 400, 410, 411, 430, 431, 442,°532, 6779971374745 
715,- 763, 764, 767, 783,.926, 938a, 955, 1009, 10107 2108eF 
1092, 1144, 1166, 1480, 1706, 1712, 1736;°17374*17388 
17 sOe wale i758. 1/759 

Lepomis cyanellus (gold) 532 

Lepomis cyanellus (normal) 532 


Lepomis euryorus 131 


Lepomis.gibbosus 131,.224, 235, 254, 332, 388, 441, 451,728) 
HOA; 26355; 634,742 


Lepomis gulosus 201, 205, 388, 430, 702, 714, 938a, 1737, 1738, 
1741 


Lepomis humilis 224, 388, 442, 673, 763, 1144 

Lepomis. macrochi rus, 202,,.203,,,,205,,,224,.235,. 33,1 332,.550c8 
388, 397, 400, 430, 431, 441, 451, 473, 490, 571, 673, 
ov, 696;° 702, 713, 714, 7L7, 728, 757,54 764, S767 Ss 4 
977, 1009, 1010, 1083, 1084, 1092, 1105, 1111, 114 144 
G6 US5457 1627, 17065 71a AZ eS ali ZO peeliy Zale 
IZ, A/S 5,; AIS7, 1739, 1742, 1759 

Lepomis macrochirus x Lepomis auritus 388 

Lepomis macrochirus x Lepomis gulosus 388 


Lepomis macrochirus x Lepomis microlophus 388, 1721 
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Lepomis macrochirus macrochirus 202, 203, 204, 1479 


Lepomis macrochirus purpurescens 202, 203, 204, 1479 


Lepomis megalophus 64 


Lepomis megalotis 224, 254, 388, 442, 763, 833, 938a, 


Lepomis megalotis aquilensis 224 
Lepomis megalotis breviceps 224 
Lepomis megalotis megalotis 224 


Lepomis megalotis peltastes 224 


1729 


Bepomis -mzicrolophus 171, 199,.202, 205,° 388); 400,,..430,. 434, 
AVS at 90) sovi- 6964 pila 7S ow Tos O26 955, OOSr 


HOMO eULOS 2545, LIL, eh 20), Pap Silk 3 Sire See, 
II 39 M742 


Lepomis microlophus x Lepomis cyanellus 955 
Lepomis microlophus x Lepomis macrochirus 388, 1720 
Lepomis microlophus coccorus 224 

Lepomis microlophus microlophus 224 

Lepomis punctatus 442, 767 

Lepomis punctatus miniatus 442 

Lepomis sp. 563, 807, 929a 

Lepomis symmetricus 361 

Lesch 914, 1201, 1369 

meshch 1193, 1302 

Leskary 1193 

Leucaspius delineatus 290, 869 

Leuciscus 289 

Leuciscus bergi 1370 

Leuciscus buggenhagii 289 


Leuciscus carii 869 
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WAS Sir 


Leuciscus cephalus 188, 244, 290, 429, 1192, 1193, 1252, 


1253), 1340, Pis4ao7s 13595 1370 2hOGive~ cod sy, Sl OvAv a wWiZoy an leew 


Leuciscus cephalus cephalus 241 
Leuciscus cephalus orientalis 506, 507 
Leuciscus danilewski 1193, 1543 
Leuciscus dolobratus 1359 

Leuciscus erythrophthalmus 681, 869 
Leuciscus idus 290, 471, 1252, 1326, 1327, 1698 
meuciscus leucrscus 11939-1252, 12253 
Leuciscus rutilus 289, 869, 961, 1249 
Leuciscus schmidti 1193, 1349, 1370 
Leuciscus souffia 290 

Leuciscus souffie agassize 1341 
Leuciscus turskyi 1383 

Leucichthys 608, 1064, 1213 
Leucichthys artedii 608 

Leucidius pectinifer 768 

Leuresthes tenuis 491, 1127 
Leuresthes sardina 1127 

Limanda 1296 

Limanda limanda 1299 

Limia 1403 

Limia caudofasciata 327, 900, 1193 
Limia nigrofasciata 327, 900, 1193 
Limia pittata 900 

himia vittata 327, 1193),..1261 


Lina 1001 
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Lingcod 619 

Liny 1193 

Lionhead 1801 

Lisa ramada 1273 

MmOaChes20), S73, S71 ore, Ll6s, Tl6ES 1596 
Lodost 1193 

Logperch 767 

Lota marmorata 491, 810, 923, 927, 1466 
Lucania 528 

Lucania goodei 1523 

Lucania parva 528, 1193, 1523 
Lucioperca lucioperca 1349 

Ludoga iudoga 889 

Ludoga ripus 889 


Lyretail, cape lopez 590 


Macrhybopsis 1042 

Macropodus chinensis 691, 827, 1543, 1701 
Macropodus concolor 1330 

Macropodus cupanus 1330 

Macropodus cupanus dayi 1329 

Macropodus sweglesi 118 

Macropodus virideauratus 1701 

Macropodus viridiauratus 827, 691 

Madojo 1543 


Mahseer 75 
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Malacca hybrid 1105 

Margariscus 1042 

Maskinonge 20, 390 

Masu 491, 1380, 1564 

Masu mushikui 828 

Meda 1042 

Megalobrama affinis 242 

Megalobrama terminalis 242, 728, 996 
Megupsilon 679 

Megupsilon x Cyprinodon 679 

Megupsilon aporus 679 

Membras martinica 1332 

Menzdia 528, 4691, 873, 11937.1431, 1514, USS 15uG; 
Menidia audens 804 

Menidia beryllina 541, 804, 1127, 1332 
Menidia beryllina cerea 1431 

Menidia extensa 804 

Menidia menidia 804, 1127, 1136, 1332 
Menidia menidia notata 1136, 1431 
Menidia notata 691, 1193 

Menidia peninsulae 541, 804 

Menophorus dubius 1592 

Menophorus punctiferus 1592 

Micostish 1257, 1389 

Micropterus 358, 444, 1083, 1084, 1692, 1693, 1711, 


Micropterus coosae 224 
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Sly 


DT AEZ, 


Micropterus dolomieu 388 
Micropterus dolomieu dolomieu 224 


Micropterus dolomieui 400, 547, 714, 1009, 1424, 1714, 1722, 
23 Ae Sie elatAO 


Micropterus dolomieui dolomieui 761, 1105 

Micropterus floridanus 493, 1804 

Micropterus pseudaplites 224 

Micropterus punctulatus 1105, 1424 

Micropterus punctulatus henshalli 224 

Micropterus punctulatus punctulatus 224 

Micropterus salmoides 201, 205, 388, 395, 400, 431, 493, 
Ci; aid, "9S38ay OOS, TOSsT  NOC4 e268) eA Ae kOZ a. plavalele, 
2 A 22 2S ISOs VISE. iSey LiSO li 4OF SO 


Mieropcerus Ssalmoides floridanus 202; 318, 319), 3357* 336, 
SAO 83.- i507 593 


Micropterus salmoides salmoides 202, 318, 319, 335, 336, 
S2OF 18S) tS Oy 593 


Micropterus treculi 547 

Micropterus treculi x Micropterus dolomieui 547 
Micropterus velox 761 

Microstomus 1296 

Microstomus kitt 1299 

Mimegoniates microlepis 1734 
Mini-killie 88 

Mini-killie x Aphyosemion gardneri 88 
Minnow, bleeding 1266 

Minnow, cutlips 1496 

Minnow, duskystripe 1266 


Minnow, rosyface 1266 
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Minnow, roundnose 767 
Minnow, sheepshead 122 
Minnow, tonguetied 938a 
Misgqurnus 528,872), °1103 


Misqurnus anguizilicaudatus 131, 720, 873, 875, 878, 1103; 
OS ras 15437 1545, 1554 


Misqurnus fTossilis 320, 629, 711, 1168, 1185.06 7.5 user 
Misgurnus fossilis anguillicaudatus 872 

Misgurnus striata 1103 

Moapa 1042 

Mollie, black 1623 

Mollienesia 457, 1561, 1661, 1403 

Mollienesia formosa 131, 498, 1349 

Mollienesia latipinna 131, 1193, 1403 

Mollienesia poecilia (formosa) 9300 

Mollienesia sphaenops 1029 

Mollienesia sphaenops melanistica 1029 

Mollienesia sphenops 131, 1004, 1005, 1091, 1193, 1403 
Mollienesia sphenops melanistica 1004, 1005 
Mollienesia velifer 1004, 1005 

Mollienesia velifera 1261, 1403 

Molliensia formosa 417 

Molliensia latipinna 417 

Molliensia sphenops 417 

Molly, black 462 


Molly, lyretail 590 
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1596 


Molly, sailfin 1623 

Molly, shortfin 1623 
Molsmolobeek 1001 

Moor 1801 

Morone 691 

Morone americana 314, 842, 1484 


Morone chrysops 261, 314, 341, 490, 767, 801, 841, 842, 843, 
938a, 1157, 1438, 1484, 1700, 1751 


Morone interrupta 1700 
Morone mississippiensis 261 


MOGFONe) Saxati lis 26a) 347323.) 3415), 4904 754 80m i eam 
S425 4843). 93'Sa else iS 1A 8 rae 2. SS ia le O OP mmav one 


Mosquitofish 767 

Motsugo 1543 

Moxostoma breviceps 794 

Moxostoma macrolepidotum 794, 1480 
Moxostoma macrolepidotum pisolabrum 1265 
Moxostoma pisolabrum 794, 1480 
Mozambique mouth brooder 981 

Mrigal 53, 405, 406, 694, 798, 1643 
Mrigal-calbasu 405 
Mrigal-mrigal-calbasu 405 
Mrigal-rohu 405 

Mrigal x Calbasu 405 

Mrigal x Kalbasu 798 

Magiel iC ADLEO: 63 254i e213 


Mugi-L, cephalus, 62, ) 254). 11.93;, 1273 
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Muksun 922 

Mummichog 511, 1431 

Mushi-kui-yamami 751 

Muskellunge 106, 123, 379, 389, 478, 479, 482, 498, 545, 
SOO NOD, 734, 796, 844,957; 10507) 10597, TOGO; ehOssr 
266-1283, (14247, 1709 

Muskellunge, Chautauqua 478 

Muskellunge, silver 957 

Muskellunge, St. Lawrence 478 


Muskellunge, tiger 17, 89, 116, 123,,-299,. 440,..478,, 521., 
SOS; oop, 726, L059, 1162,.1242, 12477 1379," 1424 eae OS 


Muskie 844, 1775 

Muskie, tiger 498, 844 

Muskilunge, tiger 1285 

MusikynS oy melas Silks i283', 1756 

Musky "tiger 106, 114, 119)" 520, 95,7. 1283 
Mycteroperca 1477 

Mylocheilus 1042 

Mylocheilus caurinum 191, 192, 326, 1478 
Mylocheilus caurinum x Richardsonius balteatus 191, 192 
Mylocheilus caurinus 1174, 1235, 1496, 1523 
Mylopharodon 1042 

Mylopharyngodon picens 1370 

Mylopharyngodon piceus 996 

Myoxocephalus octodecemspinosus 468 


Myoxocephalus scorpius 468 


Naga-buna 1426 
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Nagabuna 876 

Naturgiebel 131 

Nelma 922 

Nemachilus barbatulus 290 

Nemachilus dorsalis 1193, 1349 

Neogobius fluviatilis 1275 

Neogobius gymnotrachelus 1275 

Neogobius kessleri 1275 

Neogobius melanostomus 1275 

Nigorobuna 876 

Nijimasu 1380 

Nishigoi 785 

Nocomis 1042 

Nocomis biggutatus 665 

Nocomis biguttatus 545, 1266, 1352, 1424, 1496, 1743 
Nocomis leptocephalus 392, 622, 1074, 1496, 1743 
Nocomis micropogon 665, 938a, 1353, 1496, 1522, 1523, 
Nocomis platyrhynchus 938a, 1496, 1521, 1523 
Nodost 1193 

Norlunge 313, 478 

Notemigonus 1042 

Nothobranchius guentheri 91 

Nothobranchius korthausi 94 

Nothobranchius melanospilus 91 

Nothobranchius neumanni 91 


Nothobranchius palmquisti 91 


1743 


Nothobranchius palmquisti guentheri 94 


Nothobranchius thierryi 1386 


Notorus exilis 1424 


Notorus gyrinus 1424 


Notothenioidei 1064 


Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 


Notropis 


1094, 


Notropis 
Notropis 


Notropis 


1042 
albeolus 1074 
alegnotus 1487 


amoenus 1074 


analostanus 968, 1071, 1496 

analostanus analostanus 1496 

analostanus chloristius 1496 

ardens 306, 1074 

bellus 938a, 1496 

bellus alignotus 1496 

bellus bellus 938a, 1487, 1496 

camurus 1496 

cerasinus 692, 693, 1072, 1073, 1496 

chrosomus 1074, 1496 

chrysocephalus 665, 938a, 1266, 1480, 1496, 1521, 1523 

coccogenis 1074, 1743 

cornutus 610, 665, 693, 938a, 968) 1072-31073 OW 
1144, 1157, 1338, 1353, 1424, 1480, 1496, 152377 sas 


cornutus cornutus 1073 
cornutus frontalis 659 


emiliae 623, 938a 
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Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 


Notropis 


emiliae emiliae 349, 1556 

emiliae peninsularis 349, 623, 1556 
galacturus 442, 1071 

germanus 247, 1523 

henryli 622 

heterolepis 247, 1496 

kanawaha 1523 

lepidus 247, 938a, 1166 
leptocephalus leptocephalus 1496 
lirus 938a 

lutipinnis 1074 

lutrensis 527, 938a, 1480, 1496, 1543 
lutrensis interocularis 1496 
lutrensis lutrensis 1105 

nubilus 938a 

petersoni 494 

photogenis 665 

pilsbryi 1266, 1338, 1496 
proserpinus 1166 


prosperinus 247 


GRuUbeiLus, 66512968; 06094 tm Si 1266, 1338 , 


1496, 15237) A743 


Notropis 
Notropis 
Notropis 
Notropis 


Notropis 


spilopterus 442, 968, 1166, 1480, 1496 
stramineus 1762 

stramineus missuriensis 1762 

suavis 1105 


umbratilis cyanocephalus 1488, 1496 
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1424, 


Notropis umbratilis umbratilis 1488, 1496 
Notropis umbratilus 306 

Notropis venustus 527, 938a, 1496, 1543 
Notropis venustus cercostigma 620 
Notropis venustus stigmaturus 620 
Notropis volucellus 1424 

Notropis whipplei 442, 1166, 1496 
Notropis zonatus 628, 938a, 1266, 1496 
Notropis zonistius 1074 

Notropus cornutus 1212 

Noturus exilis 1076 

Noturus gyrinus 1076 

Noturus hildebrandi hildebrandi 938a 
Noturus hildebrandi lautus 938a 

Noturus miurus 1076, 1424 

NSC-4 1582 

NSCA-6 92 


Nuduskarpfen 131 


Okayare 997 

Okley 1193 

Okleya 1193, 1302 
Okony 1193 

Omul 922 

Omul, Backal 1449 


Oncorhynchus 254, 425, 857, 1226, 1465 


Oncorhynchus gorbuscha 186, 240, 268, 276, 425, 491, 498, 
537, S03, 600) GO2;sG05/2:691 (096), 73H, S23 > 8747" 906, 
SKS). SOE ILO SHO),, walOshal se alonsye)-\ tiabale) eral ab SPS AAG 7A dLAAT IY) pc) beyeye5 
466 473) Vaso, W544. 549) T5500) S5ik, 5/5, al Sr7.6 
1763, 1764 

Oncorhynchus gorbusche 1489 

Oncorhynchus hybridus 29, 730 

Oncorhynchus iwame 491 

Oncorhynchus kecGa Ai47 i268, e216, 387,425), 491, 4985 83077, 
553), 600; 602,665, 691), 731, \874,2 906; S86 eos OF sO sik 
LOSS WIN ZZ los AS SOL mised 466m 457.35), Sra 8 Or 
15447) 5497 W550) VoSie 554. 1573. Lois), lo7ope Loa: 
1580, 1634, 1763, 1764 

Oncorhynchus keta autumnalis 823, 491 


Oncorhynchus kisutch 268, 304, 328, 425, 426, 491, 678, 
SS6r LOSS; IS 44. ib 4Or h6s4) lod: 


Oncorhynchus kisutchi 1575 

Oncorhynchus macrostoma 871 

Oncorhynchus masou 29, 186, 297, 425, 491, 600, 602, 691, 
TAZ eel Or eM Oy pelos iO Otol 2, 1 SOC; LOO OSS ean? ak 233, 
1380 { (1489)f (1543) s1544 7115461. 1549), :1550 , ClSs51) MES52 7 
Pob4y, (564, 5/5 ce 5,76 

Oncorhynchus masou X Oncorhynchus rhodurus 1575 

Oncorhynchus masou x Salvelinus pulvius 1233 

Oncorhynchus masou ishikawae 1564 

Oncorhynchus masou macrostoma 872 

Oncorhynchus masou (macrostoma) 491 

Oncorhynchus nerka 268, 325, 387, 418, 425, 491, 667, 696, 986, 
LOSS tao E380 sey S44, 546) W549). SSO. TS Siy, 
1552), sb4 oy 3,0 1575, W576, 16347. 1764 

Oncorhynchus nerka adonis 491, 1575, 1577, 1580 

Oncorhynchus quinnat 1312 

Oncorhynchus rhodurus 29, 425, 492, 753) 2/6 S29 Sil .ewi2, 
LO7O,; LOSS 7 LILO 232) 5435 05447 1546), 549550), 
LSS yes o2¢a 1575, 576 

Oncorhynchus tsawytscha 425 
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Oncorhynchus tshawytscha 223, 268, 304, 328, 491, 619, 


OSGi SLOFwO86;0 10897, 1544 1549 eas 7S 
Ophiodon elongatus 619 
Opladelus olivaris 1076 
Oplegnathus fasciatus 697, 1448 
Oplegnathus punctatus 697, 1448 
Opsopoedus 1042 
Oranda-shishigashira 190 
Oregonichthys 1042 
Oreinus sinuatus griffithii 1595 
Orestias 899 
Orthodon 1042, 1523 
Orthodon macrolepidotus 768 
Orthodon microlepidotus 206, 357, 938a 
Oryzias latipes 131 p9820,e1554 


OSECE 327 p2307 #243'5, 826; 886, FRAT TLOSZ i110 tL 1o3}s 
1200 1362, 1433, 1434 


Osetr x Sterylyad 886 
Ostariophysi 86 
OSE 31277, 


Oxygeneum pulverulentum 1523 


Pachonfish 1256, 1746 

Pantosteus 1099, 1105 

Pantosteus clarki 1105 
Pantosteus dephinus dephinus 696 
Pantosteus discobolus 1105 


Pantosteus platyrhynchus 1105 
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Pantosteus plebeius 1105 

Parabramis pekenensis 1369, 1370 
Parabramis pekinensis 728, 996 
Paracanthopterygii 86 
Paracheilognathus rhombeus 750 
Paradise fish 827, 1543 

Paranthias furcifer 1476, 1592 
Paraphoxinus alepidotus 1383 
Parexoglossum 1042 

Parophrys vetulus 710 

Peipusa sigas 884 

Pelecus cultratus 1349 

Peled 884, 1679 

Pelvicachromis pulcheri 966 
Pelvicachromis subocellatus 966 
Pelkyad7309,)°643;°8897 +890, 1207, 1680 
Pelyady 644 

Pelydy 310 

Pelyly 1677 

Pengasius sutchi 105 

Peprilus burti 1254 

Peprilus triacanthus 1254 

Perca 600, 767, 1249 

Perca flavescens 344, 345, 491, 767, 1065, 1066 
Perca fluviatilis 188, 691, 767, 1064, 1193 
Perch 1280 


Perch, walleye 73 
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Perch, white 261, 


Perch, yellow 767 


Percid 7 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 


Percina 


67 

caprodes 
caprodes 
caprodes 


caprodes 


evides evides 509, 


evides striolacauda 509, 


S007 322, 


528) Oy howe 


caprodes 659, 938a, 
carbonaria 1480 
semifasciata 938a 


510 


510 


macrolepida 1529 


maculata 


nigrofasciata 362, 


notogramma 1125, 


130, M239 


527; 736 


1126 


oxyrhyncha 938a 


peltata 1125, 


phoxocephala 736, 


1126 


1239 


roanoka 938a 


semifasciata 659 


sciera 362, 


D217, 136, Tod 


Pestryi, Tolstolobika 178 


Petromyzon marinus 1270 


Phantom, 


black 118 


Phenacobius 1042 


Phoxinus 
Phoxinus 
Phoxinus 


Phoxinus 


188 


eos 941, 


9927 6-94, 


eos (Chrosomus eos) 610 


erythrogaster 392, 


6937, 


298 


841, 842, 


EL66; eUZ3OF 


1144, 1496, 


9947 


1483 


1480 


#523 


1496 


15297 


1760 


Phoxinus neogaeus 610, 941, 992, 1144, 1496, 1523 

Phoxinus neogaeus xX Semotilus margarita 941 

Phoxinus oreas 692, 693, 994, 1496 

Phoxinus phoxinus 187, 188, 290, 1370, 1508 

Palckerel 1288) ,15390),) ‘9557, 

Pickerel, chain 478, 479, 482, 1088, 1424, 1754 

Pickerel, grass 479, 482, 1046, 1088, 1144, 1424, 1437 

Pickerel, redfin 479, 482, 498, 1088, 1424, 1754 

Pig LDH-1 1013 

Bike 20; 390,. 478, 515 

Pike, Amur 129, 482, 498, 1060, 1756 

Pike, Amur hybrid 111 

Pike, Amur River 128 

Pike, Amur River hybrid 127 

Pike, blue 1753 

Pike anomthern 89, 96, (106, 1l4 123) 129) 288 >) 379 4 38or 
478, 479, 482, 498, 545, 569, 655, 734, 844, 957, 1046, 
LOSIZA1O6O, plkOSS 7 t1U4s , VIZ6O 4 A283)) Vda Q aya 37M lOO, 
L775 

Pike, sea 1280 

Pike, silver 957, 1050 

Pike, silver northern 796 

Pike, walleye 1280, 1753 

Pimephales 1042 

Pimephales notatus 968 

Pimephales promelas 968 

Pimephales tenullus parviceps 1265 

Pionotus 691 


Piranha 1734 
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Pla duk-iu 105 

Pla sawai 105 

Plagopterus 1042 

Plaice 142, 254, 264, 473, 474, 631, 1009, 1220, 1293, 
12947295, 1296, 1298, 1299, 1300), 13305 1368; l460r 
1514, 1639 

Plaice x Flounder 1293 

Plaice sp. 366 

Planktonsck 1555 

Platessa platessa 1193 

Platichthys 1296 


Platichthys flesus: 264,473, 631; 757;)11193) 1293, 1294; 
i295, 2296, 12298, 1299, 1300,,1331, 1460, a5 14 7 oss 


Platichthys platessa 142 

Platichthys pseudoflesus 1343 

Platichthys stellatus 601, 619, 710 

Platy 519 

Platy, black helmet hi-fin variatus 97 

Pilatyrish 132; 133,.134, 151, 155, 159, 161). 262, 9163 7aleae 
66,0168), 1694 .422) 523, 709, 722, 789, 913, 20097 asI4 OF 
1340, 1395, 1396, 1415, 1418, 1419; 2451, 24527453" 
1455, 1456, 1457, 1458, 1462, 1660, 1648, 1649, 1650, 
1651, 1652, 1653, 1654, 1656, 6575) 1659S) PlooZ2y alloosr 
Ie ARITA a7 Rs yb 

Platyfish x Swordtail 1651, 1653 

Platyfish x Swordtail, green 1456 

Platyfish x Xiphophorus helleri guentheri 1458 

Platyfish x Xiphophorus helleri helleri 1458 

Platyfish x Xiphophorus helleri strigatus 1458 


Platyfish, Mexican 647 


Platyfish, red 650 
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Platyfish, spotted 648 
Platyfish (strains) 158 


Platyfish-swordtail 1458, 1663 


Platygobio 1042 


Platypoecilius helleri 767 


Platypoecilus 528, 639, 683, 691, 900, 924, 1004, 1005, 
WOOL, 1193, 12047 12537 1655 


Platypoecilus conch 1004, 1005 
Platypoecilus conchianus 691 


Platypoecilus latipinna 900 


Blacypoeci lus -maculatus- 133, 1347 >15i> "152, 1537 .154,, 155, 
T56 Ato Vt6O, 165" "66,7. 67, 687-465), °498 647 648, 
649 568s, (691s ai22, T2S5 Le wD ORe OlS) O95, 3896, a Sou, 
898i 913, 982) 1004 7 1005) s109i. MOS tS One aya aor 
T4207, SLa22  14to2s 4657 1 66Or T6552 1oOSSe L6od, wai7Own, 
IG T/A anaes 


Platypoecilus maculatus x Xiphophorus helleri 134, 151, 156, 
ESO 6S, woo, Ov), OS, VSO Aly AZO 


Platypoecilus maculatus x Xiphophorus helleri guentheri 153, 
1660 


((Platypoecilus maculatus x Xiphophorus helleri) x Xiphophorus 
helleri) 167 


(((Platypoecilus maculatus x Xiphophorus helleri) x Xiphophorus 
helleri) x Platypoecilus maculatus) 167 


Platypoecilus 
Platypoecilus 
Platypoecilus 
Platypoecilus 
Platypoecilus 
Platypoecilus 


S96, S97, 
DIZ 


maculatus x Xiphophorus hellerii 648 

maculatus x Xiphophorus variatus 898 

maculatus pulcheri 970 

maculatus pulchra 683 

sphenops 900 

Variatus.148,, 153), 154,159, .160,,, 691,,,.709;, 895, 
S77, L004. LO0S;7, 13987) l4is7 7 422), weoOl ew jWvAs, 
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Platypoecilus variatus x Xiphophorus helleri 709, 1417, 1422 


Platypoecilus variatus x Xiphophorus helleri guentheri 1660 


Platypoecilus variatus x Platypoecilus maculatus 897 


Platypoecilus xiphidium 151, 152, 160, 691, 897, 898, 977, 
1398; Waly, 422 


Platypoecilus xiphophorus 159, 160, 1004, 1005 


Platypoecilus xiphophorus (maculatus) 913 


Pleuronectes 688, 1296 


Pleuronectes flesus 254, 688, 824, 979, 1009, 1629, 1730 


Pleuronectes limanda 688 


Pleuronectes platessa 142, 254, 264, 473, 757, 824, 979, 
LOOSF 21193), 1293-1295, 1298, 1299 133i 43) a AGO 
LSTA S 629, L639), 1730 


Pleuronectes platessa x Pleuronectes flesus 1629 


Pleuronectes pseudoflesus 824, 979, 1730 


Plotva 
Plotva 
PLotcva 
Plotva 
Plotva 


Plotva 


T1937, LZ0a 


».4 


».4 


x 


x 


x 


Poecilia 


Poecilia 


Poecilia 
LOWS), LOO, Asa 1307 40308, S09 St OA Oy aa ee 
14, W413) 1414, 1496, 1538, 622) 1623-624 637 ae loss 


gloteva 1201 
gostera 1193 
gosteva 1201 
eschai20. 

leshch. 1193 

22 

butleri 238, 1623 


formosa 52, 130, 142, 239, 438, 631, 938a,, 1054, 10g7F 


Poecilia formosa x Poecilia sphenops 1310 


Poecilia formosa x Poecilia vittata 1310 
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Poecilia 


Poecilia 


1054, 
1414, 


Poecilia 
Poecilia 
Poecilia 
Poecilia 
Poecilia 
Poecilia 
Poecilia 
Poecilia 
Poecilia 
Poecilia 


Poecilia 


1078, 


-limia-vittata 1623, 


gilli 146 


130, 
1097, 
1622, 


238, 438, 462, 464, 
1306, 1308, 1309; 
16237 1 162451637; 


631 
1408 
1638 


latipinna 52, 
NOt LOWS, 
1496, 1538, 
latipinna - 2 mexicana 1411 
latipinna (Naples) 1623 

latipinna (Neuces) 1623 

latipinna x Poecilia mexicana 1623 
latipinna formosa 130 
latipinna-mexicana 1411 
latipunctata 1306 

lebistes (reticulata) 1261 
limantouri 1078 


1624 


30 Fe 2 504 250, 3235), 
TSO V7 iks OSitasO9); 


631; 
a Aralialey, 


mexicana 52, 


TOOT; Ls0Gy 1413 


USO perlOZ2, pLOZS,) ahOZ4, 1163/57 L635 


Poecilia 
Poecilia 
Poecilia 
Poecilia 
Poecilia 


Poecilia 


2 mexicana-latipinna 1413 
mexicana-2 latipinna 1413 
mexicana (Monterey) 1623 
mexicana (Veracruz) 1623 


reticulata 631, 820, 1261 


sphénops’ 142, "146, 631). 1240; 1306; 1310, 


938 ay, 


Pay, Vata, S38, 623, e224 


Poecilia velifera 238, 462, 464, 590, 1623 


Poecilia vittata 631, 1310, 1411, 1414 
Poeciliopsis 1412 
Poeciliopsis butleri 1098 


Poeciliopsis chica 1098 
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, 938a, 
pep baleey 


WOW IEF 
, 1496, 


1408, 


Poeciliopsis Cx 631, 1407, 1695 

Poeciliopsis Cx x Poeciliopsis latidens 1407 
Poeciliopsis Cx x Poeciliopsis viriosa 1407 
Poeciliopsis fasciata 1407 


Poeciliopsis latidens 343, 437, 631, 933, 1407, 1408, 1411, 
1413, 1697 


Poeciliopsis. Jucida 181, .182,..342,,..3435;436, 437,438, 6312 
933, 949, 1054, 1135, 1407, 1408, 1409, 1410, 1411, 1413, 
58S, 1584; 1637); 1638, 1644, 1692, 1693, £694, 16957 
696, 169)7 

Poeciliopsis lucida x Poeciliopsis monacha 1054 

Poeciliopsis mexicana limantouri 1098 

Poeciliopsis mexicana mexicana 1098 

Poeciliopsis monacha 180, 181, 342, 343, 436, 437, 438, 631, 
949), 1054, di29, 1130,..1133,4113'55,, 1408; 241409), ano; are 
1413, 1583, 1584, 1637, 1638, 1644, 1692, 1693, 1694, 
1695) = 11696,,. 11697 

Poeciliopsis monacha x Poeciliopsis lucida 1408 


((Poeciliopsis monacha x Poeciliopsis lucida) x Poeciliopsis 
lucida) 1408 


Poeciliopsis monacha x Poeciliopsis viriosa 1695 
Poeciliopsis monacha-latidens 438, 1413, 1694 


Poeciliopsis 2 monacha-lucida 438, 1054, 1131, 1134, 1411, 
1413 


Poeciliopsis monacha-lucida 180, 181, 343, 437, 438, 631, 
933, 1408, 1409, 1410, 1411, 1413, 1584, 1644, 1692, 1693, 
1694), 1695, 1696,, 1697 
Poeciliopsis monacha-lucida x Poeciliopsis latidens 1411 
Poeciliopsis monacha-lucida x Poeciliopsis viriosa 631 
Poeciliopsis monacha-lucida "Cx" 1054 


Poeciliopsis monacha-lucida-viriosa 1694 


Poeciliopsis monacha-occidentalis 180, 438, 1130, 1133, 
els'S 4d, 1473), ake94 
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Poeciliopsis monacha-viriosa-lucida 1413 


Poeciliopsis monacha-2 lucida 343, 438, 1054, 1411, 1413, 1692, 
1693 


Poeciliopsis occidentalis 180, 342, 343, 437, 438, 631, 949, 
et ZOP ee SOS Sy SS) aa VAS eo 4s re oy 


Poeciliopsis sphenops 1098 

Poeciliopsis occidentalis-monacha 1135 
Poeciliopsis viriosa 631, 949, 1130, 1407, 1413, 1695 
Poeciliopsis viriosa x Poeciliopsis monacha 1695 
Poeciliopsis 2 viriosa-lucida 438 

Poeciliopsis viriosa-lucida 1695 

Pogonichthys 1042 

Pomacanthus arcuatus 1124 

Pomacanthus paru 1124 

Pomacentrus leucostictus 554 

Pomacentrus planifrons 554 

Pomatoschistus minutus lozanoi 585 
Pomatoschistus minutus minutus 585 

POMOZISNS 5879 860, 1083, 1084, 1088, 1712 


Pomoxis annularis 224, 282, 332, 358, 388, 400, 938a, 1009, 
1010, 1087, 1144 


RPOMOXIS nigromaculatus 282; 332), 388, 400,.430, 677, 714, 938a, 
TOOS,, BOLO; 108s) O84 OSH Tara O27 an az 


Pomoxis nigromaculatus x Pomoxis annularis 1010 
Pomoxis nigro-maculatus 224 

Poronotus 691 

Poronotus triacanthus 1431 


Prachtbarbe 504 
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Prionotus 873, 1431, 1514 

Procatopus aberrans 1386 

Procatopus nototaenia 1386 

Procatopus similis 1386 

Prosopium 608, 675, 1064, 1213 
Prosopium abyssicola 272, 1731 
Prosopium coulteri 1022 

Prosopium cylindraceum 608, 1022 
Prosopium gemmiferum 272, 315, 1731 
Prosopium spilonotus 272, 315, 1731 
PrOSOpLUm WLLLLamsOni 2/2, 315, 619, 173 
Protacanthopterygili 86 

Pseudogobio 1545 

Pseudogobio esocinus 491, 1371, 1543, 1545, 1549, 
Pseudogobio esosinus 131, 264 
Pseudogobius esocinus 405 

Pseudolabrus celidotus 219 

Pseudolabrus fucicola 219 

Pseudolabrus inscriptus 219 
Pseudorasbora parva 405, 782, 491, 1543 
Pseudorasbora parva pumila 405 
Pseudotropheus auratus 641, 642 
Pseudotropheus fuscus 899 
Pseudotropheus macrophthalmus 641, 869a 
Pseudotropheus tropheops 640, 641, 642 


Pseudotropheus zebra 640 
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1554 


Pterolamiops longimanus 1064 
Pterolebias hoignei 1589 
Pterolebias zonatus 1589 
Ptychocheilus 1042 
Ptychocheilus oregonense 1496 
Ptychocheilus oregonensis 1174, 1235, 1478, 1523 
Pumpkinseeds 2335) 234,235, 254, “257, 332, 379, 388, 
545, Dol, 763,, 7O4,19833, (S347 ,eO43) 0 lala ll6,, 
1147, 1424 
Pungitius 1176 
Pungitius pungitius 1176, 1777 
Puntius 412,,1002, 1372 
Puntius barbus sachsi 590 
Puntius barbus semifasciolatus 590 
Puntius conchonius 1372 
Puntius, fiery 1372 
Puntius gonionotus 410, 412, 1371 
Pupfish, asceion 94 
Pydzdyan 889 
Pylodictis olivaris 445, 1424 
Pylodictus olivaris 535, 938a, 1076 
-R=- 
Rabbit LDH-1 1013 
Rainbros 491 
Rainbrows 496 
Randgiebel, schwarz 131 
Rasbora heteromorpha 320 


Razbora heteromorpha 629, 1185, 1188 
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390, 442, 


elie, 


Reba 694 

Reba-calbasu 405 

Reba-rohu 405 

Repsa 884 

Rhinichthys 473, 1042 

Rhiniehthys atratulus 326, .443,..759, 1352, 1353 
Rhinichthys atratulus atratulus 938a 
Rhinichthys atratulus obtusus 938a 

Rhinichthys bowersi 458, 1523 


Rhinichthys cataractae- 326, 1374a, 2443,. .759,..938a, 1522, 15237 
MeO mii Ze dey See 212 235, “3537. 46 mae 43 


Rhinichthys osculus 938a, 1105, 1478, 1496 
Rhodeus ocellatus 247, 750, 752, 1743 
Rhodeus ocellatus ocellatus 998, 1743 
Rhodeus sericeus 247, 908 

Rhodeus sericeus amarus 1743 

Rhodeus sericeus sericeus 1193 
Rhodeus sinensis 131 

Rhodeus spinalis 742 

Rhodurus limbatus tabira 1543 
Rhodurus ocellatus ocellatus 1543 
Rhodurus ocellatus smithi 1543 
Richardsonius 200, 1042 


Richardsonius balteatus 191, 192, 326, 1174, 1235, 1478, 1496, 
1523 


Richardsonius cataractae 1478 


Richardsonius egregius 206, 938a, 1496 
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Ripsha 1182, 1686 

REpUS' 656), 8897 969, asi, W255, 1327, 14437, 1610 
Ripus sir 606 

Risneki 997 

River fish 1746 

Rivulus marmoratus 703, 704 

Rivulus milesi 91, 1386 


Rivulus roloffi 1582 


Roach 206, 290, 326, 364, 429, 473, 474, 667, 690, 720, 
SSS OS ano 4 OO MA el ZOD, Zot ZS Ol lS 27, 


SVE LOoys li 24° 1255) W262, W788 
Roach x Bream 473 
Roach, black sea 1673 
Roach, California 1147, 1496 
Roach, Monterey eastern 356 
Roach, Monterey western 663 
Roach, red 1280 
Roba 1467 
Roccus americanus 300, 1483, 1537 
ROGCCUS ChTYsops 260, 300, 323, 836, 1328; 1483 eal537, 
Roccus interruptus 300 
ROCCUS Saxatilis 260, *300, 836, ‘1318, F750 
Rock, white 384 
Rockfish 322 
Rohmenkarp, Ukranian 1081 
Rohu 34, 53, 254, 405, 406, 408, 694, 798, 1643 


Rohu x Calbasu 405 
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1750 


836a, 
1506, 


Rohu-calbasu 405 
Rohu-mrigal 405 


Roloffi bertholdi 91 


Roloffi brueninge (SL-15) 92 


Roloffi brueningi 91 


Roloffi chavtori 91 


Roloffi geryi 91 


Roloffi liberiensis 91 


Roloffi occidentalis 91 


Roloffi petersi 91 


ROLOELT Toloffi 91 


Roloffi roloffia 91 


Roloffi U-1 88, 91, 92 


Roloffi U-1 x Roloffi brueningi 91 


Ropsha 998 


Rosu 907, 1467 


Rudd 290, 
9057 
1788 


326; 
960, 


364, 429, 473, 
U2Z057, U2Z5i5; 


474, 667, 
U5 O16). W572, 


681, 
L667; 


Ruff 1280 


Rutilus frisii 1673 
Rutilus rutilus 289, 290, 326, 429, 


LUGS Fel Ssl;, i253) “S267 "1341; 
SOD el >AS 7 667, L698, Vi24;, 


690, 
1349, 
L225; 
Rutilus rutilus x Blicca bjoerkna 1193 
Rutilus rutilus x Abramis brama 1193 


Rutilus rutilus carpathornicus 471 


Rutilus rutilus carpathorossicus 241, 245 
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740, 
13.69), 
1726, 


682, 836a, 
L724, L2G), 


838, 
T/CAT! 5 


836a, 
137.0); 
IL AT/ 


838 7.905% 
1382, 


Rutilus rutilus carpathorossimus 739 
Ryaposhka 606 
Rybets 1193 
Rynkin 546 
Ryukin 190, 875, 1543 

-S-= 
Sabanejewia aurata balcanica 243, 246 
Sabanejewia aurata bulgarica 246 
Sabanejewla aurata radnensis 246 
Sabanejewia aurata vallachia 246 
Sabanejewia aurata vallachica 243 
Sabastodes rubrivinctus 1269 
Sabinosfish 1256 
Sabrnofisch 1746 
Sacrocheilichthys senensis lacustris 1370 
Sacrocheilichthys sinensis lacustris 1369 
Sacrochilichthys variegatus 1371 
Saghalien 1543 
Saibling 508 
Sake 1380 
Sakura-masu 1615 
Sakuramasu 1551 
Salar-trutta 394 
palmo EO 6390) 7Ac425 7 491  rlO6la 7063741259, 1272, 1524 


Salmo aguabonita 268, 425, 491, 634, 635, 938a, 1147, 1397, 
1399 


Salmo aguabonita x Salmo gilberti 1397 


Salmo aguabonita aguabonita 632, 1399 
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Salmo aguabonita gilberti 90, 491, 1399 
Salmo aguabonita whitei 107, 113, 633 
Salmo alpinus 2, 1543 

Salmo apache 275, 491, 1096, 1105 

Salmo aquilarum 268 

Salmo carpio 268, 899 

Salmo chrysogaster 491, 1096, 1105 


Salmo .clarki 270, 272, 284, 324, 332, 425, 426,7491,, 
OS, 1170 1235, 1315, 1360/F413 977+ aso ozo, 


Salmo clarki x Salmo gairdneri 1360 


Salmo clarki bouvieri 967, 1710 


636, 6587 
1671 


Salmo clarki henshawi 90, 271, 273, 275, 375, 381, 729 


Salmo clarki lewisi 967 

Salmo clarki originalis 1710 

Salmo) Clark? pleuriticus 275;° 1710 
Salmo clarki seleniris 271, 275 

Salmo clarki stomias 275, 1710 

Salmo Clarkii 16,/ 268%: 269" 5257) 582)~ 986 ul040 
Salmo clarkii clarkii 696 

Salmo clarkii henshawi 268 

Salmo clarkii lewisii 268, 1037, 1466 
Salmo clarkii seleniris 268, 1039 
Salmo clarkii stonias 104 


Salmo eriox 2 


Salmo’ Larzo*263, 503); 669, SiO; 845) V2 11363) S364 ets Oar 


15435 1575 


Salmo fario lac 1364 
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Salmo fario lacustris 491 


Salmo fario morpha lacustris 506, 507 


Salmo fontinalis 5, 


Salmo gairdneri 62, 
344, 345, 
524, 550, 
810, 


Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 


Salmo 


SISA 
508, 
689, 
1065, 
1313), 
1466, 
1625; 


706, 
1066, 
ASL 
1490, 
1670, 

gairdneri 

gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 
gairdneri 


gairdneri 


gairdneri 


6, 1 n263;75696) e070; 
ZS 
387, 
619, 
986, 
LOS; 
3227, 
1540, 


L710; 


268, 
S957, 
632, 
OZ 257 
LAO; 
1324, 
1541, 
1784 


ZOO mez, 
406, 425, 
633, 634, 

O37, 
DAFA 
E325) 
ILS yo} 0) 


1089, 
132167 
1549, 
1671, 


L235), 
1360, 
aS Sig, 
x Salmo trutta 491 

(albino) 1550 

aquilarum 373 

(Coleman strain) 373 

(Davis strain) 373 

(Eagle Lake strain) 373 
gairdneri 171 
Gi lbenti 268, 1397, 1399 

(Hot Creek strain) 373 

(Hot Springs strain) 373 
irideus 491 

(Junction Kamloops strain) 373 
kamloops 373, 374 

(Mt. Shasta strain) 373 
(Mt. Whitney strain) 373 
(Plt River strain) 373 
SEONCT Sua lai 
(Virginia strain) 373 


x Salmo trutta 706, 870 
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1543 


Dore 
426, 491, 496, 
63:5); 
O39; 


284, 304, 
636, 
1047, 
1246, 
1397; 
1552, 


678, 
10537; 
13.05; 
ALS} 
ESS ii, 


Salmo gila 1153 

Salmo gilae 275, 491, 938a, 1050, 1096, 1105 
Salmo giiberti 268,- 1397 

Salmo gorbuscha 1543 


Salmo, tRigeus 16, 188, 348, Si6, 733, 868, 100° nalssor 
L778 


Salmo ischchan 899 

Salmo keta 1543 

Salmo lacustris 268 

Salmo letnica 899 

Salmo Jleucomaenis 226, 491 
Salmo levenensis 5, 696 
Salmo macrostoma 892 

Salmo malma 425 

Salmo marmoratus 1211 

Salmo marmoretus 268 

Salmo masou 1543 

Salmo milktschitsch 1543 
Salmo mykiss aquabonita 1399 
Salmo namaycush 1497, 1498 
Salmo nerka 1543 

Salmo newberri 491 

Salmo regalis 696 

Salmo roosevelti 14, 1399 
Salmo rosei 390, 1147, 1397, 1399 


Salmo sala 1549 
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1543, 


So hMOUSa Late mLOn 2OSma2on, S04, S267 38 4257" 426, "4297 
ACNE T4987 2 5Sii 550), 627, som OOF Ole. OSL. 682), 689) 
SOM 69 6r Sl 84s 845)" Ooi O8sr 984 "986," L004 1005, 
OZR OSwe ele Sy 2G = AAA Sr eo Or 22a skZOSe 
ILS Ley weakly. palsi7Alle waksiyey7 acylase) ee alsieh nL Ose. abo Yole alsa 
TSA2 el SAS lb AA >A Oe lS SO re Soi eS Sr S76 los! 
1668, 1670 

Sa@hmOn Salah ix salmorenucta 297, 429i, 27 W334" 1433 1544 

Salmo salar sebago 491 

Salmo saler 1549 

Salmo salvelinus 600, 602, 669, 923, 1489 

Salmo salvelinus salvelinus 1497, 1498 

Salmo selar sebago 1551 

Salmo shasta 1778 

Salmo sp. 374 

Salmo trutia 425 

SieiMNOmeniica, Ons Sls esi a On ue Ao Sh. 2 Of LOA. 
32767 S32, 248), Soo, 38777 406, 7 4255 47677 42206. Aon 496. 
LOW AO Se OS) OOS. OG; ool DOO oT Oem O62 5.eoai Oo 
G69 mov 8) 6S 168274689), 691 696, 97.06), t7/4 ON Sloe = Same 
S68), 16710), 699, 923,,. 927, 983. 985, 986, L004; VOOSpelOOSy 
ILO SHE, -alOvesr/ px “alaLaUSy = LAO Sy Wale ys aL ALS) eel A foveal AAACN 
LAG Ope LAI 5 AAS alsa 2 ashi y/o akeywal es aleyevalo.) naleysy eye abeMe yey 
ARS YS) 5 alseySy oo abeae Noyes Sy Osh abbyalieyp palisyabeei ey absyayil ny alsyakiey ps SaLisy4 iC) a 
TSS Oe LSS, aS Ay aves wily yeh IRS YS ALS) 4s mabla eyes. “allei7/(0),, 
deals 

Salmo trutta x Salmo salar 498 

Salmo trutta (fario) 491, 1681 

Salmo trutta farro 62, 237 ,* 385" 425-7 426, 4299 '67S*> 7334" 951 


1503 
Salmo trutta 
Salmo trutta 
Salmo trutta 


Salmo trutta 


(lacustris) 491 
(levensis) 491 
marina 426 


marmoratus 62, 1606 
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Salmo trutta morpha fario 894 


Salmo trutta trutta 425, 696, 811, 841, 1497, 1498, 1542, 1543, 


USSR ISOS 

Salmo trutta x Salvelinus fontinalis 1544 

Salmo tshawytscha 1543 

Salmo whitei 14, 268, 1399 

Salmon: 30) si, 41, 43, 45, 46, 50, S7, 70,7 738,87, SsZ26neSC9r 
ANOS A429, 460), 474, A491," 501, 503, Sil2,  53i > 50m s59SF 
601, 612, 627, 658, 681, 682, 811, S41) 964, 9907 e100Gr 
10507 del, 1205, 1214. 1259.. 1272, m3h7  aAlsio6.s ove 
1494, 1540, 1541, 1569, 1574, 1630 

Salmon x Trout 1214 

Salmon x Trout, brown 1630 

Salmon x Trout, sea 45 

Salmon-trout 3, 491 

Salmon, Asian pink 1089 

Salmon, Atlantic 82,.254,. 304,. 326,. 390,,.394,. 4/4,,--49a, 
550, 626,. 627, 678, 689,. 696,. 947.,. 983,984, 1050, 1243), 
L2A59 Re E260), =E321, 1541 

Salmon, California 661, 1312 

Salmon, cherry 751, 1089 

Salmon. ¢chinook “61, 143,°-226, 254, 304, 328, 491, 553: 
69), 930, 986, 993, 1050, 1089, 1208), T2000; L267 r2Z oF 
1424, 1632 

Salmon, chinook x Salmon, pink 1210 

Salmon chums 17918, 36, 37+, 383955405) 15> 16,598; 


170% 226, 254, 446, 491,-701,. 7/31, 787,823; 930729567 
TOSOF* 10897 1102, 1119, 1210) V2N6 lS eee 4 2 4 ee Moy, 


1576, 1577, 1578, 1579, 1580, 15845. 16347, 157637) 17.64 alse 


Salmon, chumpy 38 


Salmon, coho 18, 226, 281, 304, 678, 986, L089 e227, 
1424, 1634 


Salmon, coho (Big creek) 1761 
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Salmon, coho (Sol duc) 1761 
Salmon, coho (Umpqua) 1761 
Salmon, dwarf 487 

Salmon, fall chinook 1208, 1209 
Salmon, fall pink 1208 

Salmon, humpback 33, 58, 68, 809 
Salmon, hybrid 455 

Salmon, king 223, 603, 809 


Salmon; kokanee 226, 491, 1381, 1575), USi/Gy4eovdipn Vows e577 Sr 
58075 L5o8as,7 1634: 


Salmon, landlocked 707, 1049, 1215 

Salmon, land-locked 193, 645 

Salmon, masou 143 

Salmon, masu 33, 186 

Salmon, neretva 894 

Salmon, Pacific hybrid 530 

Salmon, parr 1006, 1161 

Salmons pinks. lS 26,0379 3S) tes 9 40" 4 Segxol | 45/6), 
Sler9S, ul 48 , 170; A774 ol S86, 72267254 ,5390, R446, 74995 2553, 
603, 6247, 701,5731, 7787, F823, 9307 (986, 1993, 2 1080," 1064, 
HOSSF se IMO 27 ALS y ss 1208+ A209; WAN pe 14247 hos 25 176371 764 

Salmon, red 603, 809 

Salmon, redspot 1089 

Salmon, siberian 58, 68 


Salmon, silver 328, 603 


Salmonrs sockeye; 1) 8, 30), 48), 76,4226 7..325, 4390) 
446, 491, 621, 667, 930, 986, 1089, 1102, 1210, 1424, 1764 


Salmon sp. 404 


Salmon, spring 18, 446, 935, 1102 
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Salmon, spring chinook 1208, 1209, 1210 
Salmothymus obtusirostris 62 


Salmothymus obtusirostris oxyrhynchus 62, 491 


Salochum 707 

Salvelrnus: 19.390, 425, 707, 1063, 1226, 1259 

Salvelinus.aipinus 4, 10, 268, 274, 387, 425, 491, 503,7..508F 
550; (626, %671,,°689:;, 691, 696;-(84d00 923.7 927 (9S; IS 4e 
LO527--lO5e87-21193 7 1235, 1317, 2ls59; Lo40 nels 4i lS 44 
M520 7S od ee LowOs 1 7ieL 

Salvelinus alpinus alpinus 274 

Salvelinus alpinus aureolus 397 

Salvelinus alpinus (aureolus) 491 

Salvelinus alpinus oquassa 614 

Salvelinus alpinus (salvelinus) 491 

Salvelinus alpinus (umbla) 491 

Salvelinus aureolinus 90 

Salvelinus confluentus 274, 396, 397 

Salvelinus fontinalis J \197 10, Si, 727413h, 1405 12 2se 
2a 215, 217, 225, 232, 237, 214, ZO nZoste 2oST 2 oor 
29772304, 385, (386, 387, 393, 396, 433, 491 614, oovn 
678, 689;,.691,-695a, 696,./08; 471 a 7124 37s Vi AOT ole, 
TOS TM Lege LAS; 119 7-180, 1997, B828 S84 eS 9), Se Cit acca 
892; 984), 986, 1004) 1005 / LOND 41016, -L1020" S024 elo 27 
HOZOIE VAST, 1045-81052. 2106799 1a Oy AG Also erly ates 
IOS > 2057 1207, 2957 1235) W245 2 2 Zor whales 
1328), 1337 4 1359/1393 1442) 1466), asi 4827 lA Oy 
1516, 1543, 1544, 1549, 1550, 155m, 5545 5750 Lowe, 
HOIOp 626 (e634, LeovO .elL7 1s S790 alos 

Salvelinus fontinalis x Salvelinus namaycush 1052, 1543 

Salvelinus fontinalis x Oncorhynchus masou 1544 

Salvelinus fontinalis x Oncorhynchus nerka 1544 

Salvelinus fontinalis x Oncorhynchus rhodurus 1544 

Salvelinus fontinalis x Salvelinus pluvius 1544 
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(Salvelinus fontinalis x (Salvelinus pluvius x Salvelinus 
fontinalis)) 1544 


Salvelinus fontinalis, domestic 1277 

Salvelinus fontinalis fontinalis 830, 491 

Salvelinus fontinalis namaycush 491 

Salvelinus fontinalis, wild 1277 

Salvelinus gairdneri irideus 894 

Salvelinus levenensis 931 

Salvelinus leucomaenis 671, 730, 751, 828, 829, 1559, 1560 

Salvelitnus maima 11, 268, 274, 396, 397, 425, 491, 986, 1058, 
123)5),. L543 

Salvelinus malma (pluvius) 491 

Salvelinus marmoratus 491, 894 

Salvelinus marstoni 1088 

Salvelinus miyabei 708, 1558 

Saiveut NUS. NamaycusD sn Gee (2,0 2135, L214), 205;  2LI eee 232), 
Dia 2Ole, a2OAT 29D 296 eZ Os SS 2 ESOL OM re Oreo 
454, 466, 467, 491, 496, 498, 505, 508, 550, 689, 695a, 
859), S67), "984-2 986.= Ode O62 OZ O;=atO 2 OA 2 eal Ose: 
TO VAS} ~ ALO Mus Oey TLIC) Sal aaney lL ML 7/ AUAAnT/ 4) PALS) 
22 UZ, U2; USS, L442 eel ole ala OO aA Oo Sy Sane 
ESAS MES AA 549) alt S Silo SOO. Messiaen Oen wis 

Salvelinus namaycush x Salvelinus fontinalis 1549 

Salvelinus obtusirostris oxyrhynchus 894 

SalVeLINUs jDLUVIUS A256 499, 6915, Hil 8296-830), 11119, 0 5447 
1546, 15497-1550, L551 1552/5 sbowi5 


Salvelinus 


pluvius x Salvelinus fontinalis 1544 


((Salvelinus pluvius x Salvelinus fontinalis) x Salvelinus 
fontinalis) 1544 


((Salvelinus pluvius x Salvelinus fontinalis) x Salvelinus 
pluvius) 1544 


Salvelinus pluvius x Salvelinus pluvius 1544 
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Salvelinus pulvius 1233, 1489, 1554, 1576 


Salvelinus salmo 625 

Salvelinus timagamiensis 272 
Salvelinus trutta (lacustris) 4 
Sambo 658 

Sambow 707, 1049, 1050 

Sambrow 658 

Sambrown 707, 983, 1049 

Samesh sazan 1628 

Samka 910, 1181 

Samka, relysa 1193 

Sanshiki-demekin 190 
Sarcocheilichthys andersonii 231 
Sarcocheilichthys variegatus 875 
Sarda Cchiliensis 1075 

Sargus annularis 1193 

Sarotherodon aureus 231, 472, 851, 888, 
Sarotherodon galilaeus 231, 888 
Sarotherodon hornorum 231, 329, 972 
Sarotherodon hornorum zanzibarica 231 
Sarotherodon leucostictus 231 
Sarotherodon macrocephalus 231 
Sarotherodon macrochir 231 
Sarotherodon melanotheron 231 
Sarotherodon mortimeri 231 


Sarotherodon mossambica 577a 
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QZ; 


1669a 


Sarotherodon mossambicus 231, 413, 981 
Sarotherodon nigrus 231 
Sarotherodon nilotica 231 


Sarotherodon niloticus 231, 329, 413, 472, 577a, 851, 972, 
1669a 


Sarotherodon spilurus nigrus 231 

Sarotherodon variabilis 231 

Sarotherodon variatus 231 

Sarotherodon vulcani 231 

Sauger 73, 81, 444, 767, 800, 1144, 1235, 1424, 1705 

Sawbelly 1002 

Sawbelly, Korean 1371, 1372 

Sazanu/S8) 8853, See, L001, Weds 

Sazan, Amur 901 

Scardiniopsis alburniformis 290 

Scardiniopsis anceps 290 

Scardinius anceps 961 

Scardinius erythrocephalus 961 

Scardinius erythrophthalmus 255, 290, 326, 398, 429, 682, 799, 
836a,-838, 905, S6il), 193, 251) 2527 253, sso as A9): 
13597 e369), 1370), 1383, 1667.7 1o98), Li24)) ae 265> 1727, 

Scardinius erythrophthalmus x Blicca bjoerkna 1193 

Scardinius erythrophthalmus erythrophthalmus 241 

Schchoka 1193 

Schilbeodes miurus 1076 

Schilbeodes mollis 1076 

Schilbeodes nocturnus 1076 


Schilbeodes noturus (miurus) 1076 
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Schire 1473 

Schizothorax intermedius 1193 

Schizothorax labiatus 1595 

Schizothorax pseudaksaiensis issykhuli 1370 
Schizothorax pseudaksaiensis-issykkuli 1595 
Schizothorax pseudokaiensis 1349 
Schizothorax pseudokxaiensis issykkuli 1193 
Schizothorax saltans 1193 

Schrzothorax isp. 1595 

Schleierbarbe 504 

Sscholle.979 

Schupper, Ukranian 1081 

Scomber 691 

Scomber scombrus 1319 

Scomberomorus cavalla 292 

Scomberomorus maculatus 292 

Scombroidei 1064 

Scophthalmus rhombus 806, 1296 

Scup 1431 

Sebastes babcocki 1351 

Sebastes marinus 149, 1158 

sebastes mentellia 149, 1158 

Sebastes rubrivinctus 1351 

Sebastodes aurora 1269 

Sebastodes crameri 1269 


Sebastodes diploproa 1269 
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Sebastodes hopkinsi 1269 
Sebastodes ovalis 1269 


Semotilus 545, 1042, 1074 


Semotilus atromaculatus 442, 665, 1144, 1338, 1352, 


1496 
Semotilus atromaculatus atromaculatus 659 
Semotilus corporalis 665, 1424, 1496 
Semotilus margarita 610, 941 
Serpa, long blackfin 118 
Serpae 118 
Serrasalmus spilopleura 1734 
Severya 885 
Sevroga 1193 
Sevisugarso9, 686), = T1907 193); sao 4 nal Od, S207), 
Sevryoga 1193 
Sevryuga 904 
Sevryuga kura 904 
Shad 619 
Shad, gizzard 1480 
Shad, threadfin 1480 
Shasta 1047 
Sheefish 147 
Shemaya 905 
Shima 906 
Shima-dojo 1543 
Shiner, bluntface 1496 


Shiner, common 545, 1144, 1352 
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1362 


3537; 


1424, 


Shiner, crescent 693 

Shiner, peamouth 1235 

Shiner, pretty 1496 

Shiner, red 527 

Shiner, redside 326, 390, 1235 
Shiner, rosyface 458, 545 
Shiner, satinfin 1496 

Shiner, steelcolor 1496 
Shiner, striped 1266 

Ship 857 

Shubunkin 1543 

Shukin 1543 

Siga 1182 

Sima 910 

Siphateles mohavensis 1193, 1212 


Siphateles mohaviensis 465 


Sur 6445656, "969, 1181, 1443; 1610, 


Sir samesh 1181 

Skiffia francesae 848 
Skiffia multipunctata 848 
SL-18 88, 1582 

Sh=29 #887 =1582 

SL-29 x SL-18 88, 1582 

SL F3 88 

Smelee 1473 


Snapper, cherry 577a 
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1686 


Softmouth 894 


Softmouth, neretva 894 


Sogyo 1543 

Sole, English 710 
Sole, hybrid 710 

Sole, lemon 254, 1299 
Species 297, 807, 929a 


Spinachia 1176, 1193 


Spinachia vulgaris 1193 


Spiegelkarpfen 131, 1787 

Spiltake Vil2)23), 125), §26) 28 ,7-35,°425.835 (213), 204 2h Sy 21 7e, 220), 
ZOE? Sine Da LO, aL ae 29S ZOO Zou) SSOny S470 S52), 
353, 406, 425, 434, 454, 467, 481, 491, 545, 675, 695a, 
699), HUtaiSa WS. Wet Wee TUS TO) IR | DAE OS\7/ 
SOR 29842986, WOL6 es elOl 7 elkO2 HO23)4 SOSn SLOSS. alOsie; 
OAS O45), M049 WOSOy, MOSS; kOS3;, Alto Woh? So a a6s, 
Ay ert? eal S 5. lala. a2 OS al AOGy.) eZee) e235 e maleeo 
1A29, 1430, 442, 1474, 1475, 1481, 1495, 1502, 154i, 
SAO 57/5. oS Ohl S28 Spey SOrad 7 IOP eT Ole N72) a OS 

Splake x Trout, brook 1050, 1146 

Splake, albino 137 

Splake, Fi 1052 

Splake, F, 1052 

Splake, Redrock 695a 


Squalius agassizi 1507 
Squalus anjubaulti 1359 
Squalus cephalus 961 
Squawfish, northern 1235 
Stamn, 


ropsha 1081 


Stamn, Ukranian 1081 
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Stellata 1327 

Stenodus 1064 

Stenodus leuchichthys nelma 1260 

Stenodus leucichthys 272, 453, 797 

Stenodus leucichthys nelma 147, 922 

Stenotomus 691, 873, 1431 

Stenotomus chrysops 1431 

Stemiet 66,251, Z85,.367, 369, 370, 372,,406,) 513,604; 
651), 797, 857, 911, 912, 1003, 1018; 1191s alo 2F AasloSe 
TIS yal98), 120271294, 1327, 1346, 13477 14285) 14325 
1434, 1471, 1472 

Sterlet x Beluga 369 

Sterlet x Sevruga 369 

Sterlet, sturgeon 420 

Sterleta 885 

Sterleyd 1362 

stenlyad’ S17; 651, 786. 8815° 1194," 141995> 12007" 1435 

Sterlyad x Osetr 1433 

Sterlyad x Sevruga 1194 

Sterlyad x (Sterlyad x Sevruga) 1194 

Sterlydy 825, 917, 1193, 1196 

Sterlydy x sevroga 1193 

Sterlydy x sevruga 1193 

Sterlydy x (Sterlydy x Sevruga) 1193 

Sterylad 56, 371, 826, 903, 1190, 1471, 1472 

Sterylyad 886, 1434 

Sterylyad x Osetr 1434 


Sterylyad x Sevruga 886 
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Stevruga 1201 

Stevruga x Sevruga 1201 

Stickleback, black threespine 390 
Stickleback, red threespine 390 
Stizostedion 767, 1249 

Stizostedion canadense 444, 767, 800, 1235 
Stizostedion vitreum 767, 938a 
Stizostedion vitreum vitreum 444, 800, 1235 
Stizostidion canadense 938a, 1144 
Stizostidion vitreum vitreum 1144 
Stoneroller 1144, 1352, 1353 


Storsik 1555 


Sturgeon 0, (S675, S68, 826, 2064; O90 ye ALO 1. all 925, 


1294, 1347, 1428, 1434 
Sturgeon, Acipenser 728 
Sturgeon, Amur 1191, 1434 
Sturgeon, beluga 1327 
Sturgeon, giant 651, 1434 
Sturgeon, Huso 728 
Sturgeon, Kurinskii 857 
Sturgeon, Russian 1434 
Sturgeon, ship 1192, 1193, 1434 
Sturgeon, Siberian 857, 1191, 1434 
Sturgeon sp. 404 
Sturgeon, spiny 904 


Sturgeon, spring 1191 
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L280; 


Sturgeon, starred 1192 

Sturgeon, stellate 1191, 1434 

Sturgeon, sterlet 1280, 1327 

Sturgeon, white 1202 

Sturgeon, white x Sterlet 1202 

Sucker, bigmouth buffalo 1424 

Sucker, black buffalo 1424 

Sucker, bluehead 745, 1032, 1424 

Sucker, flannelmouth 745, 1032, 1642 

Sucker, humpback 745 

Sucker, largescale 332, 390, 1174, 1235, 1424 

Sucker, longnose 332, 1144, 1235, 1424 

Sucker, lost river 1147 

Sucker, Modoc 1149 

Sucker, mountain 1147, 1235, 1424 

Sucker, razorback 1032, 1642 

Sucker, Sacramento 1149 

Sucker, smallmouth buffalo 1424 

Sucker, Tahoe 1147 

sucker, white’332, 390, 745, 1032, 1114, 1174, 1235,71424 

Sunbeam 706, 491 

Sunéish; 212,283, 450, 769, 971, 1192, 1633; 1682 

Sunfish, banded 388 

Sunfish, bluegill 383, 1737 

Sunfish, bluespotted 388 

Sunfish, green 95, 171, 254, 331, 332, 379, 383, 388, 400, 400F 
Aine) 43077545 556, 557, 561, 713, 715,977, lS aos, 


164, 793, 926,. 954, 955, 1009, 10107 di0567 510927211307 
44, 1147, 1424, 1736, 1737, 2738; 17397 4S 
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Sunfish, green x Warmouth 388, 1009, 1010 

Sunfish, longear 254, 388, 442, 763, 833, 1424 

Sunfish, orange spotted 763 

Sunfish, orangespotted 388, 545, 1144, 1424 

Sunfish, pumpkinseed 383 

Sunfish, redbreast 388, 767, 1424 

Sunfish, redear 95, 171, 254, 383, 388, 400, 430, 442, 473, 
556 755,77 ols), VS pe wei Wise O26 ,n 9545 S55 or ooo eekOnOr 
OS TE eee ea DAY Mela s,, AS ae LO iO, desiZ2e 735s, 
TS el SO coy ele Ae: 

Sunfish, redear x Bluegill 1718 

Sunfish, redear hybrid 926 

Sunfish, warmouth 411 

SwOrdtaduegrs2), 633) ies 4) ae Sue SS eS Oe Nome Ao2 eS.) wl6Gi, 
16S 697-365, “422 —n519, 2523, 648) JOSs F224 7891S), 
1009, 1140, 1340, 1395, 1396, 1415, 1418, 1419, 1451, 
1452, 1453, 1455, 1456, 1457, 1458, 1462, 1648, 1649, 
NES OMe o Sit el6>2Z),, l6Ss),, S654 .elohor 6577, 659) L660), 
ISA, Alea}, aly/7abe aly yea aly kel 

Swordtail x Platyfish 1453 

Swordtail, albino 650 

Swordtail, blackfin 590 

Swordtail, green 1456 

Swordtail, red 462, 464, 1464 

Swordtail, red wagtail 590 

Swordtail, simpson 590 

Swordtail, tuxedo 590 

Swordtail, tuxedo-simpson 590 


Swordtail, wagtail 590 


Symphysodon 1561 
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Symphysodon aequifasciata axelrodi 590 


Symphysodon discus 590 


Taimen 491 

Tamoroko 1543 

Tanago 1543 

Tanichthys albonubes 758, 1068 
Tautoga 691 

Tautogolabrus 691, 1431 
Tautogolabrus adspersus 1431 
Teichkarpfen 1526 


Telestes 188, 1507 


Telestes soufia 187, 188, 1253, 1359,°1507 


Telestes soufia agassizi 188, 1508 
Henehuz2e, 720, 1002, 1280, 13707137; 
tetsa, blue 1734 

Tetra, head and tail light 1734 

Tetra, Mexican 1734 

Tetra, neon 558 

Tetra, sailfin 1734 

Tetrapterus albidus 1285a, 1335, 1336 
Tetrapterus belone 1285a, 1335 
Tetrapterus georgel 1285a, 1336 
Tetrapterus pfluegeri 1285a, 1335, 1336 
Tetsugyo 1543 

Thunnus alalunga 937 


Thymallus arcticus 619 
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Thymallus vulgaris 491 

Tiaroga 1042 

Tiger 1775 

Tigerfish 172, 1676 

Rulaps a 14,3907 15946, 797, 1L07,) 1374, 1799 
Tilapia amphimela 551 

Tilapia amphimelas 599, 1607 

Tilapia andersoni 258 


Tilapia andersonii 551, 599, 728, 966 


Pilaplia aurea ly, 9135,\41:97,4207,, 1 209,.258,0411,\ 42176 423,0424, 


551, DVOlm bid, OV, OV 40. T32i,799),\ 9397), 953% 1 966; ) 97S 
IOS eso. Ils 7 297 SS 7.613 58),0 vo04y fdi545, 2 1563), 
1608, 1796, 1798, 1800 

Tilapia aurea x Tilapia hornorum 939 

Tilapia aurea x Tilapia nilotica 576 

Tilapia esculenta 258, 551, 599, 1607 

Tilapia galilaea 258, 421, 551, 728 

Tilapia galilea 599 

Tilapia girigan 421 

Tilapia guineensis 411 

Tilapia guiniensis 966 

Tilapia heudeloti 258, 551 

Tilapia heudeloti macrocephala 258 

Tilapia heudoloti 716 

tilapia hornorum 53),2/54)," 1027, (103)5 13504208, \.254), 405) 
409,411 4567 45517, 599), (66670674 1772, o791, 799 939), 
962, 96679737, 974, TO52), 7108, Vie, ay LVS ore i290;, 
1291, 1303a, 1345 


Tilapia hornorum zanzibarica 405, 407 


Tilapia jipe 421 
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Tilapia leucostica 966, 1108, 1291 

Bitapha.  leucosticta, 65, 258, 551, 599), 7997, 146u ely 

Tilapia macrocephala 231 

Tilapia, macrochir 254, 258, 407, 551, 599, 72877791 ,9799"eo50r 
VG, 7/85 calaloyelay abel 

Tilapia macrochir x Tilapia nilotica 791 

Tilapia-malacca hybrid 231 

Tilapia melanopleura 258, 301, 411, 551, 799 

Tilapia mortimeri 599 

iplapia mossambica 53, 54, 109, 135, 197, 298," 208, 2547 
258,2405, 407, 409,°:411,°421,: 432,,.447,, 551,,) 576; 
5OOe 71.679 72842 7623,% 7707 79LGL 799\,a- 9156 91'o;6 966 
OF 37 mol 4,405. 511070 945105,,. 44108), FAS Vala eee oy 
1289), T2907, £544, 1545, 1607 

Tilapia mossambica x Tilapia hornorum 208, 409 

Tilapia mossambica x Tilapia nilotica 198, 1289 

Tilapia mossambica (African) 32 

Tilapia mossambica (Indoesia) 728 

Tilapia mossambica (Java strain) 973 

Tilapia mossambica (Malayan) 32, 404 

Tilapia mossambica (Zanzibar strain) 728, 973 

Tilapia mossambica zanzibarica 404 

Lilapia nigra 258, 421, 551, 728, 799; 966,.,a108;a290m 

Titapia nilotica 53, 54, 102, 108%) LO9IeH98 209-2227 
254, 258, 405, 407, 411, 421, 423, 424, 432, 447, 456, 
55ile 576, S77, S/S, 599, 666, SLO, 28, aW/OZy oN /iiceeeolee 
199;,, 888;,,, 915, 9iLG6;,..939;,.,950, 953), "9627 59667" Sis alehlO ss 
1108, TMS, 1137 22289; 12908 (12905) 130s aye i345 elsiove 
S56R4 1545). 563,17 16085. 4796 

Tilapia nilotica x Tilapia macrochir 791, 950 


Tilapia nilotica x Tilapia mossambica 198 


Tilapia nilotica (blue) 1608 
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Tilapia nilotica (Israel) 421 

Tilapia nilotica (Lake Albert) 421 

Tilapia nilotica (Lake Rudolph) 421 

Tilapia nilotica typica 421 

Tilapia niloticus 472 

Tilapia pagani 421 

Tilapia randalli 599 

Rilapia rendalli” 231, 966, 1586 

Tilapia sp. 258, 966 

Tilapia spilurus 65, 1461, 1774 

Tilapia spilurus nigra 551, 599 

Tilapia spilurus spilurus 551 

Tilapia squamipinnis 899 

Ti hapa genOuloni 222)7 23,3258 2551 476,799 
LitaprawarlaDiiis 258, (5515, 599; 1108, 1291 
Tilapia volcani 1798 

Tilapia vualeani) JAj,; 209;,):424),7 732),0'1973,,. 108," 1291.7 11504 
Tilapia vulcani (nilotica) 207 

Tidapl a ZT 017230 1 5258),) 199), 105,) 1586 
Hilapia <ZELUT I 301 741i 5514, (599728), (966 
Tilapia zillii (congo) 950 

Tilapia zillii (local) 950 

Tinca 1192 

INCA CINCAUL2 la, w22S,,.398,)721,) 182; 1002, 1193, 1349; 


L370; 


1667 


Topminnow, golden 767 


Topminnow, plains 1144 
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1369); 


LOnapued tora 595 

HHO core YS 

Torbosh 910 

Tosakin 546 

Trachurus picturatus 293 

Weachnurus trachurus 293, 1167 

irachurus truse 1167 

Tribolodon hakoneansis 491 

Tribolodon hakonensis 782 

Trichiuroidei 1064 

Trichogaster trichopterus sumatranus 5l6a 

irireopterus “gold' 5i6a 

Tronsol 1050 

Tropheus duboisi 899 

Tropheus moori 899 

Trout 31, 87, 213, 326, 426, 429,.474, 487, 501,'\598)" 601, ozaF 
667 "682, ""749 753," 755,°°989, 990, 1006; 1050, 1093), Ikons 
1205 jf O24 LeU 2S: Msi 2) S63). 13645 W366), Usio7s lao ay 
P6ESO0% > 1732 

Teowe, ‘alipino- brook 1532 

Trout, albino rainbow 1305 

Trout, American: brook 51, 667, 1328 

Trout, Apache 943 

EROUE. Ararzona 1096, 1105 

Trout, Arizona golden 268 

TrOUc, aurora 1376 

Trout, black-spotted 15, 16 

Trout, blackspotted 1532 


Trout, blueback 30 
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Trout, broad cutthroat 1481 

EOE DEOOK Spas Oh V26\ v42 BES on eeO 63) 7-25) 42 los 
2A3S oil 220). 22D, MLD, I2OA 2OS, Zo, 304. 330),.332, 
B/S O0; 306), 406, 433, (4905) 545, 614 6/5 O78 "689, 
695at, 6967 699 OU TL SSD aS, MeO AO kG, Wie 
ioe Oe aol a2 O26 OSH Loads. GIOeelOwGr MhO22 m0 237 
LOS OSS Os Ss e049. OSORNO O07 OSS sLOOss. diss 
PAYG eel Ase OSH eal 2 016), sel 2akO ales Sy ilb2 5 Oren a3 7/4. SOO 
i367, 376-1378) 1393), d4245 ars, Tei Laon rags) 
SMG REL SS 2) eS AO S75). Lavoe iLesoy, culos OSS 7st 
L/S Se S2 eS eS eT Si6nh deiWOe, ali o2s als 

Trout, brook x Splake 498 

mOut, HEook, x Trout, Lake 638658) (661) 777, 27925" 1030 493 

Trout, brook x Trout, salmon 661 

Trout, brook (Redrock) 695a 

EROUteO GOWN: 17 LG aoe, SOS Ok ele Sem 2 5426330 Zoe 
304)-5°330), S332), 346, 383), (390); (394; 406; 460) "4747 S290" 
AG. 52 i S4Se SO OF SS 762d, J638) (6580 67S mos I 696), 
HOG olga) 33) 0 TAO BOS 86S; «894s 9A OS 6) mo 6a) 19 SSy 
9847. 985) 986, 9870 1006:,) 009), shO3 5), 4040) 104-915 O50, 
MOSSie calAes slaeGne | AEN SESS AEAG Ol Sa ee elo al eles Or 
IS 6 6r eel S/S) ss) reer a Sli6 alo 2 ea S43 se sO) Lossr 
WHA, D7 Sisi: SIL y/ Gish Alyke)s) 

Trout, brown gerum 570 

Trout, brown Loch Leven 570 

Trout, brownbow 707 

EROut, bDuldews96))) lod 

Trout, California golden 268 

PeEOUt  eheiricy, 42331, “ES'7.5 

Trout, coastal cutthroat 1466 

Trout, coastal rainbow 1105 

Trout, cutbow 1050 

PEO, mCUbcEhEOat I2iew22) I2A eh i Slee S AD Oma 6 Oe Miu Oimoar ee 
LIS MOU So, S547, S14, 382, SIO 8459 4 OlleteGs4Ay BosGy 
696, 729, 747, 748, 784, 805, 947, 986, 1034, 1040, 1049, 
AKOSKO) AOC sy 5 = AKONS) 5) aLaLOysy em aki ayes ealk ays). “Alas pss aI 7/0) 8 a LASh ey 
IPSs} s AUS AUSy. ALSVAALS  ALSKoOie MLSS) ys abst aaa alas) 

Trout, Dolly Varden 332, 383, 565, 986, 1033, 1235, 1424 
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Ane O uty, 
eTeOuiite: 
-PrEoute; 
EO, 
Trout, 
ROU, 


big bhey 


Eagle Lake 1034 


eastern brook 25, 383, 552, 1033, 1038, 1040, 1119, 1493 


European 326 
European brown 347 
freshwater 1161 
gila 938a, 1050 


golden.13;,7 24, 113, 268, 275, 383, '390),5469;, (4907 oer 


Do4, 632, 633, 634, 636,' 938a, 1036010407 (050) wll 4a7e 
1148, 1164, 1397 


digo her 
ermaO Ute, 
dkictoy oh ey, 
ABI gob he 
Abigtoy the, 
Akrato oh 
eTsOUite;, 
Tee OUIE , 
dk atoy bh ee 


Trout, 


golden rainbow 469 

greenback cutthroat 104, 1753 
Hill's Lake brook 213 

hime 1574 

Kamloops, 268, 374. 1323,, 13825 
Kern River 390 

Lahontan cutthroat 374, 383, 1147 
Lahontan rainbow 268 

Lahonton cutthroat 375 


take 85-23; 25, 26; 28,. 42, 83. 213). 2iiae2Z20gezzo, 


23D MLS) pw Lon, 22, 291, 330), 332, 37> Ses asolieo Oo, 
425, 433, 47/7, 491, 498, 50OL,.,545, 689, 1695a 16967 ae 
(Silt 19275 83i/ 986,061, 1022, 10237 0315 OSs hosiery 
1043, 1048, 1049, 1050, 1052; TOSS; LOSS Ayo. isk2ey 
UA OG WA 76 1206, 121955 123576 1245, 12597) B47 Syeelts sy 
Po4i,. W543, 1575, 1576, 1633, 17577. di82y 85), also, 
TIO RAG O25 = 1793 


‘EROUE,, 
TOU, 
EOE, 
EEOUE, 


Ukeowher 


lake x Trout, brook 777, 1088 
leopard 6, 1050 

Little Kern golden 107, 517 
Loch Leven 6, 1006 


lochleven 503 
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Trout, lochleven x salmon 503 

Trout, Louisa Lake 213 

Trout, mountain 892 

Trout, mule 1783 

Trout, normal brook 1532 

Trout, palomino 469 

Teout, splute 268, 275, 1423 

Trout, piute cutthroat 383, 1039 

Trout, Quebec red 1088, 1235 

‘Oui 1 ealnbOow. a3), VAre m5 Soy, Mee MO oD ope 2a FOre a O4e 
OF. alas eee ia LE Lyi aera ae, PAS Ch oyei a ZA Ole: | AIAIL 
23, 2d, 297; 304, 374, 382), (383; 390) 406 460) 40n5, 
6327nr6s5,, O34, 636), -OSe) (OS585.-078" O0S971 696.) “O07, 29%, 
(3357 748, 784, 805, ‘368,892, 938a,, 9867" 99387,7 OOS Fao Z22F 
1034, 1036, 10397 2040; 1049), L050; L070 Oss; T0897 
LOGS O96). To A A Sr aS Si ake Se MG 4 lel G 57 
MOR Ue 226 235. ab 6 eZ Om WlsO Sy a celes Zam S is Oi 
1360; 13787 A399) L423) TAZe Tas MAO 532 el 54 Oy 
ILS Sy, abs) Abe lIb a ASO Ny Sine ALILIRShn lg ieys} 

Trout, rainbow cutthroat 272 

Trout, rainbow (golden pigment) 1784 

Trout, rainbow (Hot Creek strain) 375 

Trout, rainbow (McCloud River strain) 375 

Trout, rainbow (Mt. Shasta strain) 375 

Trout, rainbow (normal (chimera)) 1784 

Trout, rainbow (normal pigment) 1784 

Trout, rainbow (palomino) 1784 

Trout, rainbow (Wytheville strain) 375 

Trout, rainbow x trout, steelhead 947 

Trout, red 990 

Trout, redband 374, 849, 1096, 1147, 1148 
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Trout, waver 50! 

Trout, Saghalin 990 

Trout, salmon 474, 661 

Trout, sear4il, 43, 45, 46, 50, 57, 70, 78, 419, 474) <491 'a5 01" 
Sil?) SS, 627, 681, 696, Sil, S41, 9305) 1006 1050; a ashous 
2S Tea 22, LS S668 ASG. ekos0 

Trout, silver 696, 990 

Trout sp. 404 


Leow, Speckled 23, 28, 232, 297, 491, S72), 59Rno7077, Sor 
HOS 27245 


trout, steelhead 126, 171, 280, 374, 375, 470, 5527. 574 5586r 
619, 849, 947, 986, 993, 1053, 1246, 1324, 1466;<1557 


Trout, sunapee 1050 

Trout, Sunapee Lake 397 

Trout, sunbeam 1317 

Trout, ten ton 706 

mroue, “tiger"59,- 125, 140, 237, 330, 332, 4911497), 25087 goSer 
667, 707, 984, ° 985, 1035, 1050, 1088, 447" 2235 Sa27 
L733 

Trout, wendigo 1088 

Trout, wild cutthroat 1481 

Trout, Yellowstone cutthroat 1423 

Trout, Yellowstone Lake cutthroat 1710 

Troue, zebra ©, 51, 491, L006, L050, 1728 

Trutta fario 600, 602, 1489 

Trutta lacustris 491 

Trutta salar 1489 


turbOELsO6;, 1296, 1332, 1572 


Undermouth 905 
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Unknown 816 


Vadvita 471 

Valencia hispanica 528 
Variatus, delta topsail 97 
Variatus, sunset hi-fin 97 
Varicorhinus 247 

Varicorhinus capoeta 247, 507 
Varicorhinus tanganicae 248 
Varion 188 

Veiltail 546 

Vendace 491, 1181 

Vendance 646 

Vimba 905, 1673 

Vimba vimba 905, 1280 

Vimba vimba carinata 1698 
Vimba vimba vimba 1673, 1674 
Vimba vimba vimba carinata 290 
Vimba vimba vimba N. carinata 1193 


Vobla 914 


Wachi-funa 1543 
Walleye 81, 444, 767, 800, 964, 1144, 1235, 1424, 1705 


Watmouchi 379, 383), 368, 400, 410743075 (7637 9/642 10097 Ono, 
Ay, VA OZ isi, LiS8),. Lia, az 


Warmouth x Sunfish, green 1010 
Watonai 1543 
Weakfish 1022 


Wendigo 28, 477, 491, 1043, 1590 
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White cloud, gold 118 


Whaterishel47 619), 646, 889, 1024) 1182) W213 i255, 
1470);) S55 


Whitefish, broad 310, 889, 890 
Whitefish, chud 889, 1181 
Whitefish, chudskoyi 890 
Whitefish, humpback 147 
Whitefish, lake 1276 
Whitefish, Lake Baunt 184 
Whitefish, Lake Chad 995 
Whitefish, Lake Chud 889, 1440 
Whitefish, ladoga 1449 
Whitefish, Ludoga 646, 1440 
Whitefish, onega 889 
Whitefish, Piasina 889 
Whitefish, pigmy 1022 
Whitefish, round 1022 
Whitefish, Sevan 995 
Whitefish, sp. 1366 

Whitefish, volkhov 646 

Wild carp, Amur 1081 


Wildkarpfen 1526, 1787 


Xenoophorus captivus 579 
Xenophorus captivus 579 
Xenopus laevis 1396 
Xenopus mulleri 1396 


Xenotis 696, 1070 
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1260, 


Xenotoca eiseni 579, 580 

Xenotoca eiseni x Xenotoca melanosoma 580 

Xenotoca melanosoma 579, 580 

Xenotoca variata 579, 580 

Xe DDOPNO TUS: U5]. 2Oy", O39, _ 048, 6915, 900; 1004), L005) 109T;, 
LO SPA ZO 4Se 253) ala > S6lk LOZ se FOSS) a7 SO 

Xiphophorus brevis 683 

Xiphophorus clemenciae 1138 

Xiphophorus conchianus 900 

Xiphophorus couchianus 195, 1640, 1802 

Xiphophorus gardoni 1802 

MipHOphHnorus Nnellert 79,285, 97, 1337, 134, W487 15i 7 i525 V54y 
LS Sy eel S64 OVO Or mkO SOG) Gi al OGr oA e eZ OO eo 
See Soy 457), os, So) ole Sls O24) aN OO4) LOO a eLOOor 
HOS ass AO Tost a2 Io SO wes OFS 5 
1400, 1404, 1416, 1417, 1418, 1419, 1420, 1422, 1453, 
1454, 1456, 1462, 1463, 1464, 1488a, 1660, 1640, 1652, 
ULES ALS LOW) pre LITO) yy aL y/o aly kel Mo atsK0)2 


((Xiphophorus-helleri x Platypoecilus maculatus) x Platypoecilus 


variatus) 896, 


Xiphophorus 
897 


Xiphophorus 
Xiphophorus 
Xiphophorus 


Xiphophorus 
1140, 


897 
helleri x Platypoecilus maculatus 465, 895, 896, 
helleri x Xiphophorus helleri 1658 
helleri x Xiphophorus maculatus 900, 1138, 1140 
helleri x Xiphophorus montezumae 222 
heliler? .uentheri w48,)1'53),..680,) 913, 1138) 11s 97 
1390, 1394, 1456, 1458, 1660 


Xiphophorus helleri guentheri x Xiphophorus maculatus 1139 


Xiphophorus helleri helleri 1138, 


1140, 1458 


Xiphophorus helleri strigatus 1138, 1139, 1140, 1451, 1457, 


1458 


Xiphophorus helleri strigatus x Xiphophorus maculatus 1138, 


1140, 


1451 
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Xiphophorus hellerii 195, 647, 648, 816 
Xiphophorus hellerii guentheri 195 
Xiphophorus hellerii strigatus 195 


Xiphophorus maculatus 194, 195, 266, 312, 316, 422, 457, 462, 
264 519 523), 549), 584, 588, (63, 695b_ 7 Silé, Sal Poler 
Sig 820), 82; 8227 898, 900, S77, S78) jANs8 iso Festa Or 
22 228), LS4O0, AS90; 1394 S95) 139.6) ela OO a One 
1402, 1404, 1416, 1451, 1454, 1456, 1457, 1458, 1464, 
Ta88ay 660) 1802, 1533), 534, .d640- 77 Oye iil allelic 
1781 


Xiphophorus maculatus 


rad 


Xiphophorus clemenciae 1138 


Xiphophorus maculatus Xiphophorus helleri 1454, 1660 


Had 


Xiphophorus maculatus 
1140 


tad 


Xiphophorus helleri guentheri 1138, 


ta 


Xiphophorus maculatus Xiphophorus helleri helleri 1138, 1140 


Xiphophorus maculatus 
1140 


™ 


Xiphophorus helleri strigatus 1138, 


Xiphophorus maculatus rubra 1770 
Xiphophorus milleri 816, 820, 1802 


<Tphnophorus montezumae 151, 152, 159: 160 ,. 222-3265 7,586), 
23, I24, J25, W395, 146, 1802 


Xiphophorus montezumae cortezi 195, 588, 816, 900, 977, 1394, 
1417, 1422, 1802 


Xiphophorus montezumae montezumae 195 
Xiphophorus platypoecilus (maculatus) 680, 1009 
Xiphophorus pygmaeus 818, 1802 

Xiphophorus pygmaeus nigrensis 588, 816, 1802 
Xiphophorus pygmaeus pygmaeus 195, 588 
Xiphophorus rachovi 265 

Xiphophorus rachovii 1091 


Xiphophorus strigatus 422, 683, 1453 
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Xiphophorus variatus 79, 85, 97, 194, 464, 588, 695b, 816, 820, 
898, 1390, 1416, 1660, 1802 


Xiphophorus variatus x Xiphophorus helleri 1416 

Xiphophorus variatus x Xiphophorus helleri guentheri 1390 
Xiphophorus variatus evelynae 195 

Xiphophorus variatus variatus 195 

Xiphophorus variatus xiphidium 195 

Xiphophorus xiphidium 588, 977, 1394, 1395, 1396, 1416, 1802 
Xiphophorus xiphidium x Xiphophorus maculatus 1396 

Xyrauchen 1193, 1642 

Xyrauchen texanus 249, 696, 745, 938a, 1032, 1105, 1523, 1642 


Xyrauchen uncomphagre 247 


Yama masu 892 

Yamabe 1615 

Wanamen/ 51), 1230,.-1233); 21543, 1564 
Yanco 1153a 

Yellowfish, clonewilliam 1535 


Yomabe 730 


Zacco platypus 131 


Zander 964 


343 


NATURAL AND ARTIFICIAL HYBRIDS, 
INDEXED ALPHABETICALLY 
-A= 

Abrama brama xX Carassius carassius 1370 
Abrama brama x Cyprinus carpio 1370 
Abramis brama x Abramis ballerus 1193 
Abramis brama x Blicca bjoerkna 290, 1253 
Abramis brama x Carassius carassius 1369 
Abramis brama x Cyprinus carpio 1193, 1369 
Abramis brama x Leuciscus erythrophthalmus 681 
Abramis brama x Leuciscus rutilus 289, 1249 
Abramis brama x rudd 1724 
Abramis brama x Rutilus rutilus 289, 1727 
Abramis brama x Rutilus rutilus carpathorossicus 245 
Abramis brama x Scardinius erythrophthalmus 682, 799, 1727 
Abramis brama x Tinca tinca 1193 
Abramis melanops x Rutilus rutilus 290 
Acanthorhodeus asmussSii x Rhodeus sericeus sericeus 1193 
Acanthurus achilles x Acanthurus glaucopareicus 219, 1304 
Acerina acerina x Acerina cernua 1193 
Acerina? x Perca® 600 
Acheilognathus lanceolatus x Acheilognathus limbatus 1743 
Acheilognathus limbatus x Acheilognathus sp. 1554 
Acheilognathus moriokae x Carassius auratus 1554 
Acheilognathus moriokae x Misgurnus anguillicaudatus 1554 
Acheilognathus rhombea x Acheilognathus tabira P52 


Acheilognathus rhombea x Rhodeus ocellatus UE 
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Acipenser x Huso 728, 1193 
Acipenserc x Huso? 728 
(Acipenser x Huso) x Huso 728 


Acipenser (Acipenser) guldenstaedti x Acipenser (Acipenser) 
stellatus 185 


Acipenser baeri x Acipenser ruthenus 991, 1191 
Acipenser baeri x Acipenser ruthenus marsigilii 1193 


Acipenser (Euacipenser) glaber x Acipenser (Acipenser) 
guldenstaedtii 185 


Acipenser glaber x Huso huso 185 


Acipenser guldenstadti x Acipenser nudiventris 1197 


Acipenser guldenstadti x Acipenser ruthenus 719, 1193, 1197, 


1433 
Acipenser guldenstadti? x Acipenser ruthenusc 1192 
Acipenser guldenstadti x Acipenser stellatus 1191, 1197 
Acipenser guidenstadti x Huso huso 1193, 1197 
Acipenser guldenstadti x (Huso huso x Acipenser ruthenus) 
Acipenser guldenstadtii x Acipenser stellatus 1193 


Acipenser guldenstadtii x (Acipenser ruthenus x (Acipenser 
ruthenus x Acipenser stellatus)) 1193 


Acipenser guldenstaedti x Acipenser nudiventris 435 
Acipenser guldenstaedti colchicus x Acipenser sturio 241 


Acipenser guldenstaedti colchicus x Acipenser stellatus 
stellatus 241 


Acipenser nudiventris x Acipenser guldenstadti 1193, 1197 
Acipenser nudiventris x Acipenser guldenstaedti colchicus 
Acipenser nudiventris x Acipenser gueldenstaedti 435 


Acipenser nudiventris x Acipenser ruthenus ruthenus 241 


oS 


241 


Acipenser nudiventris x Acipenser stellatus 1191, 1193, 1197, 


1698 
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Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 
Acipenser 


Acipenser 


stellatus) 


nudiventris x Acipenser stellatus stellatus 
nudiventris x Huso huso 1197 
nudiventris xX sevruga 1327 
nudiventris? x sturgeon <« 826 
ruthenus x Acipenser guldenstadti 
ruthenus 2? x Acipenser guldenstadtic' 1192 
ruthenus x Acipenser guldenstadti colchinus 
799 


ruthenus x Acipenser guldenstaedti 


ruthenus x Acipenser guldenstaedtii 185 


ruthenus x Acipenser nudiventris 1197 
ruthenus xX 


193 


(Acipenser ruthenus x Acipenser 


TSH: SLOT, 


241 


TAQ 


1698 


Acipenser ruthenus? x (Acipenser ruthenus? x Acipenser 
stellatuso)c* 1197 


Acipenser ruthenus x Acipenser stellatus 185, 1191, 1193, 1197, 


1698 


Acipenser ruthenus x Huso huso 254, 719, 797, 1018, 1197, 1294 


Acipenser 
Acipenser 
Acipenser 
Acipenser 


Acipenser 


Acrocheilus x Couesius 
Acrocheilus x 
Acrocheilus x 
Acrocheilus x 
Acrocheilus x 
Acrocheilus x 


Acrocheilus x 


ruthenus ? X Huso husoc 1192 


ruthenus% x Huso huso 9 254 


stellatus x Acipenser guldenstadti 1197 


stellatus x Acipenser nudiventris 1197 


stellatus x Huso huso 1197 


1042 
Gila 1042 

Mylocheilus 1042 
Oregonichthys 1042 
Ptychocheilus 1042 
Rhinichthys 1042 


Richardsonius 1042 


346 


Acrocheilus alutaceus x Mylocheilus caurinus 
Acrocheilus alutaceus x Ptychocheilus oregonen 
Acrocheilus alutaceus x Richardsonius balteatu 
Adinia x Lucania 528 

Agosia x Campostoma 1042 

Agosia x Gila 1042 

Agosia x Meda 1042 

Agosia x Plagopterus 1042 

Agosia x Ptychocheilus 1042 

Agosia x Rhinichthys 1042 

Agosia x Tiaroga 1042 

Alburnus alburnus x Abramis brama 799, 1193 
Alburnus alburnus x Blicca Bjoerkna 799, 1193 
Alburnus alburnus? x Caspialosa kessleri ponti 
Alburnus alburnus x Cyprinus carpio 1369, 137 
Alburnus alburnus x Leuciscus cephalus 244, 1 
Alburnus alburnus x Leuciscus leuciscus 1253 
ALDUENUS [al bUuULNUS “X RUCTLUS LUCE LUS) § W253) al p2 
Alburnus alburnus x Scardinius erythrophthalmu 
Alburnus alburnus x Tinca tinca 1193 


Alburnus alburnus alburnus x Abramis brama dan 


1496 
se 1496 


s 1478, 


1496 


cao 1349 


0) 


ZO Si eel Z 


VE 


Sy 290), 


I 


1253 


ubii 241 


Alburnus charusini hohenarkesi x Alburnus filippii 11 


Alburnus lucidus x Leucaspius delineatus 869 
Alburnus lucidus x Leuciscus erythrophthalmus 
Alburnus lucidus x Scardinius erythrophthalmus 
Alburnus lucidus x Squalus cephalus 961 

Alosa alosa x Alosa finta 1193, 1199 

Alosa kessleri volgyensis x Alosa kessleri kess 
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869 
961 


Heyer 8} 


93 


PAT) 


Amago x yomabe 730 


Ambloplites 
Ambloplites 
Ambloplites 
Ambloplites 
Ambloplites 
Ambloplites 
Ambloplites 
Ambloplites 
Ambloplites 


Ambloplites 
rupest 


Ambloplites 


Amphiprion 


rupestris? x Enneacanthus obesusS% 1627 
rupestris? x Lepomis chaenobryttus-gulosus “ 1627 
rupestris? x Lepomis gulosusS 388 

rupestris? x Lepomis macrochirus % 388, 1627 
rupestris? x Micropterus salmoidesS 388, 714 
rupestris x Pomoxis nigromaculatus 1627 
rupestris? x Pomoxis nigromaculatusS 388 
rupestris:cavifrons x Ambloplites rupestris 795 
rupestris-cavifrons x Ambloplites rupestris 380 


rupestris ariommus x Ambloplites rupestris 
his 391 


rupestris rupestris x Ambloplites cavifrons 380 


frenatus x Amphiprion ephippium 100, 101 


Amur? x Carpco’ 1517 


Anarrhichas 
Anatolichth 
Anatolichth 
Anatolichth 
Anatolichth 
Anatolichth 
Anatolichth 
Anatolichth 
Angelfish, 
Angelfish, 
Angelfish, 
Angelfish, 
Angelfish, 


minor x Anarhichas lupus 256, 979 

ys xX Aphanius 1669 

ys xX Aphanius sophiae 1669 

ys splendens x Anatolichthys transgrediens 1669 
ys splendens x Aphanius iberus 1669 

ys splendens x Kosswigichthys 1669 

ys transgrediens x Aphanius fasciatus 1669 
ys transgrediens x Kosswigichthys 1669 
FrenchS x angelfish, grey? 108 

gray? x angelfish, Frenchs 1124 

lemonpeel x angelfish, pearly-scaled 1561 
queen x angel, blue 211 


Silver x angelfish, blacklace 642 
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Ano, ladoga? x whitefish, ladogac’ 1449 
Anoptichthys x Astyanax 1264 


Anoptichthys antrobius x Astyanax mexicanus 321, 1262 


Anoptichthys antrobius x Anoptichthys hubbsi 1748 
Anoptichthys hubbsi x Astyanax mexicanus 1746 


(Anoptichthys antrobius x Astyanax mexicanus) x Anoptichthys 


antrobius 


Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 
Aphanius 


Aphanius 


Aphyocharanx rubropinnis x Brachydanio rerio 


Aphyosemion albrechtsi x Aphyosemion fasciolatus 


1262 


x Anatolichthys 528 


cypris xX Aphanius sophiae 1669 


cypris x Kosswigichthys 1669 


fasciatus x Aphanius iberus 1669 


fasciatus x Anatolichthys transgrediens 1669 


fasciatus x Burdur 1669 


fasciatus x Konya populata 1669 


iberus x Aphanius cypris 1669 


iberus x Aphanius dispar richardsoni 1669 


mento mento? x Aphanius dispar richardsoni “ 652 
mento mentoS x Aphanius dispar richardsoni ? 652 
sophiae x Aphanius cypris 1669 
sophiae x Aphanius dispar dispar 1669 


sophiae x Aphanius dispar richardsoni 1669 


sophiae x Aphanius fasciatus 1669 


sophiae x Aphanius iberus 1669 


sophiae x Burdur 1669 


sophiae x Konya populata 1669 


sophiae x Kosswigichthys 1669 
1069 


1582 
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Aphyosemion arnoldi x Aphyosemion filamentosum 91, 1386 
Aphyosemion arnoldi x Aphyosemion walkeri 91, 1386, 1387 
Aphyosemion australe x Aphyosemion callinurum 88, 1582 
Aphyosemion australe x Aphyosemion calliurum 91 
Aphyosemion australe x Aphyosemion gardneri 1582 
Aphyosemion australe x Aphyosemion geryiI 1582 
Aphyosemion australe x (Aphyosemion gardneri x Aphyosemion 
australe) 88 


(Aphyosemion australe x Aphyosemion gardneri) x Aphyosemion 


australe 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


lonnbergi 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


1582 

beauforti x Aphyosemion filamentosum 88 
beauforti-gulare x Aphyosemion filamentosum 1582 
bertholdi@ x Aphyosemion roloffic 1386 


bertholdi x (SL-29 X SL-18) 88 


bitaeniatum x Aphyosemion multicolor 1582 


bivittatum x Aphyosemion christyi 91 


bivittatum bitaeniatus x Aphyosemion bivittatum- 
1582 


callinurumo x Aphyosemion christyi? 1386 


callinurum x Aphyosemion labarrei 1386 


callinurum x Aphyosemion liberiense 1386 


callinurum x Aphyosemion petersiil 1386 


callinurum x Aphyosemion sjoestedti 1386 


callinurum x Aplocheilus spilargyreius 1386 


calliurum x Aphyosemion bivittatum 91 


calliurum x Aphyosemion christyi 91 


calliurum x Aphyosemion congreatum 91 


calliurum x Aphyosemion gardneri 91 


calliurum x Aphyosemion labarrei 91 
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Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


calliurum x Aphyosemion sjoestedi 91 


calliurum x Epiplatys spilargyreus 91 


calliurum x Roloffi liberiensis 91 


calliurum x Roloffi petersi 91 


calliurum x Roloffi roloffi 91 


celiae x Aphyosemion gardneri 1582 


celiare x Aphyosemion gardneri 88 


chaperi x Aphyosemion multifasciatus 1582 


christy1 x Aphyosemion cognatum 1582 


christyl x Aphyosemion labarrei 91 


cinnamomeum x Aphyosemion christyi 91 


cinnamomeum x Aphyosemion gardneri 1582 


cinnaemomeum x Aphyosemion labarrei 1386 


cinnamomeum x Aphyosemion ndianum 1386 


cinnamomeum x Aphyosemion ogoense 1386 


cognatum x Aphyosemion christyi 91 


cognatum x Aphyosemion scheeli 1582 


cognatum x Aphyosemion schoutedeni 91, 1386, 1582 


cognatumc x Aphyosemion schoutedenig 1386 


(Aphyosemion cognatum x Aphyosemion schoutedeni) x Aphyosemion 


schoutedeni 


1386 


(Aphyosemion cognatum x Aphyosemion schoutedeni) x (Aphyosemion 


Aphyosemion 


christyl x Aphyosemion cognatum) 1582 
crichardi x Aphyosemion labarrei 1582 
elegans x Aphyosemion christyi 1386 


Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


elegans x Aphyosemion cinnamomeum 1386 


elegans x Aphyosemion cognatum 1386 


elegans x Aphyosemion labarrei 1386 


351 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


fasciolatus) 


Aphyosemion fasciolatus x Aphyosemion fasciolatus albrechtsi 


elegans 
elegans 
elegans 
elegans 


exiguum 


fasciolatus x Aphyosemion albrechtsi 


x 


x 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


ndianum 1386 
occidentale 1386 
ogoense 1386 
petersii 1386 
bualanum 91 


1582 


fasciolatus x (Aphyosemion albrechtsi x Aphyosemion 


1582 


1582 


(Aphyosemion fasciolatus x Aphyosemion albrechtsi) x (Aphyosemion 


albrechtsi x aphyosemion fasciolatus) 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


scheeli) 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


filamentosum x Aphyosemion australe 
filamentosum x Aphyosemion gulare 


gardneri x Aphyosemion australe 


gardneri 
gardneri 
gardneri 
gardneri 
gardneri 
gardneri 
gardneri 


gardneri 
1582 


gardneri 
gardneri 
gardneri 
gardneri 
gardneri 


gardneri 


x 


x 


x 


oO 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


x Aphyosemio 


1582 
1582 
L582 


88791, S90; aise 


callinurum 1386 
cameronense 1386 


Ccameronensis 91 


cinnamomeum 91, 1386, 1582 
cognatum 91 
elegans 1386 


n gardneri lacustrec 932 


x (Aphyosemion gardneri x Aphyosemion 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 
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gulare 91, 1386 


labarrei 91, 1386 


liberiense 1386 


mirabile traudeae 92 
ndianum 1386 


FOLOGfI, W386 


Aphyosemion gardneri x Aphyosemion scheeli 1582 
Aphyosemion gardneri x Aphyosemion schoutedeni 91, 1386 
Aphyosemion gardneri x Aphyosemion sjoestedti 1386 
Aphyosemion gardneri x Aphyosemion sjostedti 1582 
Aphyosemion gardneri x Aphyosemion walkeri 91, 1386, 1387 
Aphyosemion gardneri x Roloffi roloffi 91 

Aphyosemion geryi x SL29 1582 

Aphyosemion geryi x SL18 1582 

(Aphyosemion geryi x SL18) x Aphyosemion geryi 1582 
Aphyosemion gulare x Aphyosemion walkeri 91, 1386 
Aphyosemion labarrei x Aphyosemion cinnamomeum 91 
Aphyosemion labarrei x Aphyosemion cognatum 91 
Aphyosemion labarrei x Aphyosemion gardneri 88, 1582 
Aphyosemion liberiensis x Aphyosemion geryi 1582 
Aphyosemion liberiensis x SL18 1582 

Aphyosemion lineatus x Epiplatys dageti 91 

Aphyosemion lineatus x Epiplatys sexfasciatus 91 
Aphyosemion marmoratum x Aphyosemion gardneri 91 
Aphyosemion milesi x Aphyosemion holimae 1582 
Aphyosemion mini-killie x Aphyosemion australe 91 
Aphyosemion mini-killie x Aphyosemion gardneri 1582 
Aphyosemion mini-killie x (Aphyosemion mini-killie x Aphyosemion 


gardneri) 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


1582 
mirabile traudeae x Aphyosemion gardneri 88 
mirabile traudei x Aphyosemion gardneri 1582 
mirabile traudei x Aphyosemion striatum 91 


ndianum x Aphyosemion cCinnamomeum 91 


ndianum x Aphyosemion cognatum 91 


353 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 


Aphyosemion 


cinnamomeum) 


Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aphyosemion 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 


Aplocheilus 


ndianum x Aphyosemion gardneri 91 


ogoensis x Aphyosemion christyi 91 


ogoensis x Aphyosemion cinnamomeum 91 


santa-isabella x Aphyosemion scheeli 1582 


santa-isobellae x Aphyosemion scheeli 88 


scheeli x Aphyosemion cinnamomeum 1582 


scheeli x Aphyosemion gardneri 1582 


scheeli x (Aphyosemion scheeli x Aphyosemion 


1582 


scheeli x NSCA-6 92 


schoutedeni x Roloffi petersi 91 


sexfaciatus x Aphyosemion chaperi 1582 


sexfaciatus x Aphyosemion sheljuzhko1 1582 


sjostedti x Aphyosemion gardneri 91, 1582 


striatum x Aphyosemion australe 1582 


striatum x Aphyosemion gardneri 1582 


toddi x Aphyosemion occidentalis 1582 


walkeri x Aphyosemion spurelli 1582 


werneri-jonklassi x Aphyosemion lineatus 1582 


annulatus x Aplocheilus macrostigma 1386 


bifasciatus x Aplocheilus chevalieri 1386 


bifasciatus x Aplocheilus spilargyreius 1386 
chaperi x Aplocheilus fasciolatus 1386 
chaperi x Aplocheilus macrostigma 1386 


chaperi x Aplocheilus sexfasciatus 1386 
dageti x Aphyosemion callinurnum 1386 
dageti x Aphyosemion christyi 1386 


dageti x Aphyosemion cognatum 1386 
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Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 
Aplocheilus 


Aplocheilus 


Apomotis x Eupomotis 
Apomotis x Heleoperca 
Apomotis x Xenotis 


Apomotis cyanellus x Eupomotis gibbosus 


dageti Aphyosemion petersii 1386 


dageti Aplocheilus bifasciatus 1386 


™* 


dageti Aplocheilus chaperi 1386 


dageti x Aplocheilus grahami 1386 


dayi x Aphyosemion lineatus 1582 


fasciolatus x Aplocheilus chaperi 1386 


fasciolatus x Aplocheilus spilargyreius 1386 


grahami x Aplocheilus sexfasciatus 1386 


lineatus x Aplocheilus dageti 1386 


lineatus x Aplocheilus sexfasciatus 1386 


panchax x Aplocheilus dayi 1386 


x 91 


panchax 
panchax 


panchax 


x 


x 


Aplocheilus 
Aplocheilus 


Aplocheilus 


deyi 


fasciolatus 1386 


lineatus 91, 1386 


panchax x Aplocheilus spilargyreius 1386 


panchax x Epiplatys fasciolatus 91 


panchax x Epiplatys spilargyreus 91 
sexfasciatus x Aplocheilus chaperi 1386 
sexfasciatus x Aplocheilus chevalieri 1386 


sexfasciatus x Aplocheilus grahami 1386 
sexfasciatus x Aplocheilus longiventralis 
Spilargyreius x Aplocheilus bifasciatus 1386 
Spilargyreius x Aplocheilus fasciolatus 1386 
696, 1070 

696 

696 

1545 


696, 1070, 
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Apomotis cyanellus x Heleoperca incisor 696 
Apomotis cyanellus x Heleoperca macrochryps 1193 


Aristichthys nobilis? x (Aristichthys nobilis? x Hypophthalmichthys 


molitrixd)s 1803 
Aristichthys nobilis x carp 1514 
Aristichthys nobilis? x carpc 998 
Aristichthys nobilis 9x carp, grasso 410 
Aristichthys nobilis x Ctenopharyngodon idella 338, 1647 
Aristichthys nobilis 2° x Ctenopharyngodon idellas 996 
Aristichthys nobilis“ x Ctenopharyngodon idella9? 339 
Aristichthys nobilis x Ctenopharyngodon idellus 410 
Aristichthys nobilis x Cyprinus carpio 721 
Aristichthys nobilis ?x Cyprinus carpioc 1001 
Aristichthys nobilis x Hypophthalmichthys molitrix 410 
Aristichthys nobilis 2x Hypophthalmichthys molitrixS 728, 996, 
1803 
Aristichthys nobilis?’ x Hypophthalmichthys molitrix¢@ 1565 
Aristichthys nobilis 2x Mylopharyngodon piceusSs 996 
Aristichthys nobilis 2x ropshaS 998 
Arx x (SL-29 x SL-18) 88 
Aspik x storsik 1555 
Astyanax x Anoptichthys 900, 1256, 1263, 1585, 1745, 1748 
(Astyanax x Anoptichthys) x Anoptichthys 1748 
(Astyanax x Anoptichthys) x Astyanax 1748 
Astyanax jordani x Astyanax mexicanus 1439 
Astyanax mexicanus x Anoptichthys antrobius 1263, 1264, 1375, 
1746 
Astyanax mexicanus x Anoptichthys hubbsi 1375, 1746 
Astyanax mexicanus x Anoptichthys jordani 1375, 1734 
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(Astyanax mexicanus x Anoptichthys hubbsi) x Astyanax mexicanus 
1746 


Astyanax mexicanus x Crenuchus spilurus 1734 
Astyanax mexicanus x Hemigrammus ocellifer 1734 
Astyanax mexicanus x Memigoniates microlepis 1734 
Astyanax mexicanus x Serrasalmus spilopleura 1734 


(Astyanax mexicanus x Anoptichthys antrobius) x Anoptichthys 
1264 


Astyanax microphthalmum x Astyanax ogoense 94 
Astyanax ogoense x Astyanax microphtalmum 94 


Atherina pontica x Sargus annularis 1193 


-B-=- 
Babusca x vadvita 471 
Barb, rubyo x barb, golden¢o 944 
Barb, rubyc x barb, tiger 9 944 
Barb, tigero x barb, rosy 9 944 
Barbus barbus x Barbus meridionalis 919 
Barbus barbus x Barbus meridionalis petenyi 908 


Barbus capito conocephalus x Schizothorax pseudaksaiensis- 
issykkuli 1595 


Barbus capito conocephalus x Schizothorax sp. 1595 
Barbus conchonius x Barbus nigrofasciatus 504 

Barbus macrocephalus x Barbus comiza 144, 145 

Barbus meridionalis x Barbus barbus 919, 1708 

Barbus microcephalus x Barbus comiza 908 

Barbus nigrofasciatusc x Barbus conchonius9? 944 
Barbus petenyi x Barbus barbus 1341, 1342 

Barbus steindachneri x Barbus comiza 144, 145, 908 
Barbus steindachneri x Barbus macrocephalus 144, 145 
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Barbus steindachneri x Barbus microcephalus 908 
Bass, Guadalupe x bass, smallmouth 547 

Bass, hybrid“ x Roccus saxatilis? 300 

Bass, largemouthc x bass, Florida largemouth ? 783 
Bass, largemouth? x bass, rockc 388, 430 


Bass, largemouth x bass, smallmouth 860, 1010, 1714, 1716, 1722, 
1/2300 MB AL TAaD 


Bass, largemouth x bass, smallmouth? 430 

Bass, largemouth? x bass, smallmouth 388 

(Bass, largemouth x bass, smallmouth) x bass, largemouth 1722 
Bass, largemouth x bass, spotted 430 

Bass, largemouth? x (bass, largemouth¢ x bass, smallmoutha)o 1716 
Bass, largemouth x bluegill 430, 714 

Bass, largemouth? x bluegill 388 

Bass, largemouth x crappie, black 430 

Bass, largemouth? x crappie, blacko 388 

Bass, largemouth-Florida x bass, largemouth-northern 1250 
Bass, largemouth-northern x bass, largemouth-Florida 1250 
Bass, largemouth-spotted x bass, smallmouth 1147 

Bass, largemouth? x sunfish, greenc’ 430, 1736 

Bass, largemouth? x sunfish, redearc 430 

Bass, largemouth x warmouth 430 

Bass, largemouth? x warmouth<o 388 

Bass, rock? x bass, largemouth< 388 

Bass, rock? x bluegills 388 

Bass, rock? x crappie, black& 388 

Bass, rock? x warmouth<s 388 


Bass, smallmouth x bass, largemouth 400, 1722 
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Bass, smallmoutho’ x bass, largemouth? 430 

Bass, smallmouth x bass, spotted 1105, 1267 

Bass, smallmouth? x bass, spottedo 430 

Bass, smallmouth? x (bass, largemouth? x bass, smallmouth®)* 1716 
(Bass, smallmouth x bass, largemouth) x bass, largemouth 430 
Bass, smallmouth black x bass, largemouth black 860 

Bass, spotted x bass, smallmouth 430 

Bass, spotted? x bass, smallmouth. 430 


Bass istriped .xtbass;,cwhi te! 45) 1260; 300, 1705, 727,841; 842, 
965 S19 76. \ lS LSif el43i8ie ol SOM ah75 2 


Bass, striped? x bass, whiten 260, 261, 384, 1700 
Bass, striped x bass, yellow 1700 

Bass, striped? x Morone chrysopsc& 1700 

Bass, striped x perch, white 841, 842 

Bass, striped? x (bass, white? x bass, stripedc’) 260 
(Bass, striped x bass, white) x bass, striped 260, 300 


(Bass, striped x bass, white) x (bass, striped x bass, white) 
261 


Bass;nwhi teexebassistriped 115; 120; 125, 260, 490, 1314, 1438 
Bass, white? x bass, striped 260, 261, 1377, 1509 

Bass, whiteo x bass, striped? 260, 261, 300, 1483, 1700 

Bass, white? x Morone saxatilisco 314 

(Bass, white x bass, striped) x bass, striped 261 


((Bass, white x bass, striped) x bass, striped) x bass, striped 
261 


Bass, yellowc x Morone saxatilis? 314 
Bass, yellow x rockfish 322 
Bathygobius andrei? x Bathygobius soporatorc 654 


Bathygobius soporator? x Bathygobius andreic' 654 
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Batrachus tau x Tautogolabrus 1431 

Belone acus x Mugil cephalus 1193 

Bellugay x (belugay’x sterlet).1369}..37070119L 7 ros 

Beluga x (beluga x sterlyad) 1194, 1200 

Beluga x (beluga x sterylad) 56, 371 

Beluga x ((beluga x sterylad) x (beluga x sterylad)) 56 
Beluga x osetr 317, 1193 

Beluga x sevroga 1193 


Beluga x jsterlet 251), 369, 3/70, 372, 406 A513 29604, Bole aoMee 
V003,. L191,’ 1193 ,,. 119542198) 75346 2543250 S47 le lA ee 


Beluga? x sterletco 1018 

Beluga x (sterlet x sevruga) 369 

Beluga x (sterlet x beluga) 369 

(Beluga x sterlet) x (beluga x (beluga x sterlet)) 1191, 1193 
Beluga x sterlyad 317, 651, 881, 1194, 1199, 1200 

Beluga? x sterlyado 786 

(Beluga x sterylad) x (beluga x sterylad) 56 

(Beluga x sterlyad) x (beluga x (beluga x sterlyad)) 1200 
Beluga x sterylad 56, 371, 903, 1190, 1471, 1472 

Beluga x (sterlyad x (sterlyad x sevruga)) 1194 


(Beluga x sterylad) x (beluga x ((beluga x sterylad) x (beluga x 
sterylad)) 56 


Beluga x sterlydy 825, 1193, 1196 

Beluga x (sterlydy x (sterlydy x sevruga)) 1193 
Beluga x sturgeon 1191 

Beluga x sturgeon Amur 1191 

Beluga x sturgeon, ship 1193 


Beluga x sturgeon, spring 1191 
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Beluga x sturgeon, stellate 1191 

Beluga Amur xX carp 996, 997 

Belugo, Amur x belugo, tolstolobika 178 
Belugo, Amur x pestryi, tolstolobika 178 
Belugo, tolstolobika x beluga, Amur 178 
Belugo, tolstolobika x pestryi, tolstolobika 178 
Betta imbellis x Betta splendens 1344 
Betta smarogdina x Betta imbellis 1344 
Betta smarogdina x Betta splendens 1344 
Bighead x carp 1685 

Bighead? x carp, grass. 410 

Bighead ° x carp, silvers 410, 1684 
Bigheado x carp, Silverg 1684 

Bigheadoa x Catla? 405 

Bigheado« x rohu9¢ 405 

Bigmouth x buffalo, black 141 

Bigmouth x buffalofish, black 1755 
Birychok x ersh 1193 

Biwia lenoke x Hucho taimen 491 

Biwila zezera x Pseudorasbora parva 491 
Biwia zezeracS x Pseudorasbora parva? 405 
Biwia zezera®% x Gnathopogon elongatus elongatus? 405 
Biwia zezerac% x Gnathopogon japonicus? 405 
Blackfish, Sacramento x chub tui 357 
Blageon x varion 188 

Billeaky x chub" 1667 “aliZ205) 4 727. 


Bleak x dace 667, 1205 
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Bleak x roach 667, 1205, 1727 

Bleak x rudd 429, 667, 1205 

Bleak x bream white 667, 1205 

Blicca bjoerkna x Abramis brama 799, 1193, 1253, 1698 
Blicca bjoerkna x Alburnus alburnus 290 

Blicca bjoerkna x Cyprinus carpio 1193 

Blicca bjoerkna x roach 429 

Blicca bjoerkna x Rutilus rutilus 1251 

Blicca bjoerkna x Scardinius erythrophthalmus 1253 
Blicca bjoerkna x Tinca tinca 1193 

Blicca bjoerkna x Vimba vimba 905 

Blicca bjoerkna x Vimba vimba carinata 1698 

Blicca bjoerkna x Vimba vimba vimba carinata 290 
Blicca bjoerkna bjoerkna x Abramis brama danubii 241 
Bluegill? x bass, largemouthc’ 388, 395 

Bluegillo x bass, largemouth? 430 

Bluegill? x bass, rocko 388 

Bluegill? x (bluegill? x sunfish, redbreastc‘)o 388 
Bluegill? x crappie, blacko 388 

Bluegill? x fliers 388 

Bluegill x pumpkinseed 257, 390, 834, 1043, 1114, 1116, 
Bluegill? x pumpkinseed“ 254, 388 

Bluegill? x sunfish, bluespotted « 388 

Bluegill x sunfish, green 1130, 1144, 1424 
Bluegill? x sunfish, greeno 388 

Bluegill x sunfish, longear 1424 


Bluegill x sunfish, orangespotted 1424 
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1424 


Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
Bluegill 
(Bluegill 


(Bluegill 


x sunfish, redbreast 


x sunfish, redear 


x sunfish, redear 


x sunfish, redbreast 388, 14 
388 
388, 473, 

254-0388, 

x sunfish, redear 254, 556 


x (sunfish, redear 


X warmouth 1009, 1010 


x 


x 


x 


x 


Bora-tanago 


warmouth 1009, 1010 


warmouth 388 


24 


1424 AL 719 


954, 


x bluegill ) 


sunfish, green) x bluegill 331 


1718 


warmouth) x (sunfish, green x warmouth) 100 


x tanago 1543 


Boleosoma nigrum nigrum x Boleosoma nigrum 659 


Brachiodanio rerio x Misgurnus fossilis 629 


Brachydanio albolineatus x Brachydanio nigrofasciatus 7 


Brachydanio 


Brachydanio 


Brachydanio 


Brachydanio 


Brachydanio 


Brachydanio 


Brachydanio 


Brachydanio 


Brachydanio 


albolineatus x Brachydanio rerio 


albolineatus 


x Brachydanio rerio 


457a, 591, 


ZEN 


nigrofasciatus x Brachydanio albolineatus 1 


higrofasciatus x Brachydanio rerio 


rerio x Brachydanio albolineatus 


rerio 
rerio 
rerio 


rerio 


x Brachydanio albolineatus 


x Brachydanio nigrofasciatus 


758 


TAO Ly 


53.87 pled: 


x Brachydanio nigrofasciatus 


x Brachydanio frankei 590, 


Brama brama x Blicca bjoerkna 


Bream x Alburnus alburnus 429 


Bream x bleak 429 


Bream x bream silver 429 
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1359 


758, 


SOI OS 


590 


2257; 


97. LOO 


58, 1068 


592i, 


068 


158), 


8 


1069 


128 


1068 


Bream 


Bream xX 


Bream xX 


Bream xX 


Bream 


Bream 


Bream 


Bream 


Bream 


Bream 


Brevoortia patronus 
Brevoortia patronus 
Brevoortia smithi x Brevoortia tyrannus 
Brevoortia tyrannus 


Bieaihitex “eurbot | ‘806: 


Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 
Buffalo, 


Buffalo, 


Leuciscus cephalus 
roach 667, 


rudd 667, 


white x roach 667, 
white x rudd 


white x Vimba 


x chub 429 


429 
LY VAT| 
27 


68d", 1205:, 


red x bream black 526 
Silver x roach 429 


silver x rudd 429 


1205 


667; 1205 


905 


x Brevoortia smithi 952, 1286, 1287, 1323 


x Brevoortia tyrannus 959 


488, 489, 624, 756, 


x Brevoortia smithi 952, 1323 
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black x buffalo, bigmouth 675 
black «x buffalo, bigmouth? 337 
black x buffalo, smallmouth 675 
black 9x goldfisho 1513 
bigmoutho x buffalo, black? 337 


bigmouth x carp, grass 1513 


bigmouth x carp, Israeli 1513 


bigmouth x buffalo, black 675 
bigmouth x buffalo, smallmouth 675 
bigmouth? x goldfisho 1513 

smallmouth x buffalo, 


bigmouth 675 


smallmouth x buffalo, black 675 


Buffalofish, black x buffalofish, bigmouth 445 


Buffalohead, x veiltail 


546 
364 


959, 1646a 


Bullhead, brown x bullhead, black 1424 


Burdur x Aphanius sophiae 1669 


Burdur x Aphanius cypris 1669 


Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 
Campostoma 


Campostoma 
360, 


=C= 
x Chrosomus 1042 
x Chrosomus phoxinus 1074 
x Clinostomus 1042 
x Dionda 1042 
x Ericymba 1042 
x Erimystax 1042 
x Exoglossum 1042 
x Extrarius 1042 
x Gila 1042 
x Hemitremia 1042 
x Hybognathus 1042 
x Hybopsis 1042 
x Macrhybosis 1042 
x Margariscus 1042 
x Nocomis 1042 
x Semotilus 1042,1074 
anomalum x Nocomis leptocephalus 392, 1496 
anomalum x Notropis chrosomus 1074, 1496 
anomalum x Notropis cornutus 1074, 1496 
anomalum x Phoxinus erythrogaster 392, 1496 
anomalum x Semotilus atromaculatus 1352 
anomalum auratus x Campostoma anomalum pullium 1480 


anomalum pullum x Campostoma anomalum anomalum 359, 
1354 
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Campostoma anomalum pullum x @empostome anomalum oligolepis 363 
Cakassius x carp 120 

Canassius x cyprinus 131) 871.1193 

Carassius? x Tincacd 1192 

Carassius auratus x Acheilognathus variegatus 131 

Ganassius auratus X Carassius Carassius 1317) 12804 1413 
Carassius auratus x Cobitis biwae 131 


Ganassius auratus & Cyprinus carpio’ 131; 9/09, 75/7, 119s, Sor 
LS 7 


Carassius auratus x Gnathopogon elongatus 131 

Carassius auratus x Lefua echigonis 131 

Carassius auratus? x Leuciscus cephalus ¢ 188 

Carassius auratus x Misgurnus anguillicaudatus 131, 720, 1554 
Carassius auratus x Oryzias latipes 131 

Carassius auratus x Pseudogobio esosinus 131 

Carassius auratus x Rhodeus sinensis 131 

Carassius auratus x Zacco platypus 131 


(Carassius auratus xX Carassius Carassius) x Carassius Carassius 
1413 


Carassius auratus auratus x Misgurnus fossilis 1168 
Carassius auratus cuvieri? xX Carassius auratus auratusc& 875 
Carassius auratus cuvieri xX Cyprinus carpio 1411 

Carassius auratus cuvieri? x Cyprinus carpioc 875, 879 


(Carassius auratus cuvieril x Cyprinus carpio) x Cyprinus 
Carpio 1411 


Carassius auratus cuvieri? x Misgurnus anguillicaudatusc 875 
Carassius auratus cuvieri®? x Sarcocheilichthys variegatus¢ 875 


Carassius auratus (Demekin variety) x Carassius auratus 
(Wakin variety) 1554 


Carassius auratus gibelio®? x Carassius auratus? 1349 
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Carassius 
131 


Carassius 
Carassius 
Carassius 
Carassius 
Carassius 
Carassius 


Carassius 


1349 


Carassius 
ales 


Carassius 
Carassius 
Carassius 
Carassius 
Carassius 
Carassius 
Carassius 


Carassius 
878 


Carassius 
Carassius 


Carassius 
Sit, 


Carassius 
Carassius 


Carassius 
Si Sy 


Carassius 
875 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 


auratus 
878 


auratus 


auratus 


auratus 
878 


auratus 


gibelio 


x Carassius Carassius 79, 85, 98), 


gibelio? x Carassius carassiuso& 1349 


gibelio 
gibelio 
gibelio 


gibelio 


KX Carassius Vulgaris. 131. 
xX Carp 720 
xX Carp, ~cCrucran /20 


x. Cyprinus Canpro, 131) 


gibelio? x Cyprinus carpioc 1349 


gibelio 


gibelio 


gibelio 
gibelio 


gibelio 


X Cyprinus carpio (variety nudus) 


x Gnathopogon elongatus elongatus 


x goldfish 720 
x Hemibarbus labeo 720 


X roach 720 


gibelio? x Rutilus rutilus¢ 1349 


gibelio 


x tench 720 


gibelio? x Tinca tincac 1349 


langsdorfi x Carassius auratus 1411 


langsdorfiil x Carassius auratus subspecies 


langsdorfii? x 
langsdorfii1? 


langsdorfii? 


langsdorfii? x 
langsdorfii? 


langsdorfii? 


langsdorfii? 


Carassius auratus auratusc& 875 
X Carassius auratus cuvieric 875 


xX Carassius auratus subspecies 


Carassius Carassiuso& 874 
x Cyprinus carpioc 875 


xX Misgurnus anguillicaudatus¢o 


x Sarcocheilichthys variegatus ¢ 
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Carassius 
Carassius 
Carassius 
Carassius 
Carassius 


Carassius 


aLILG)S) 


Carassius 


Carassius 


Carassius 
Carassius 
Carassius 
Carassius 
Carassius 


Carassius 


Carassius 


Carassius 


x Abramis brama 1193 

x Blicca bjoerkna 1193 
X Carassius auratus 902, 1391, 1668 
x Carassius auratus gibelio 290 


9x Carassius auratus langsdorfiic 874 


xX (Carassius carassius xX Cyprinus carpio) 


x Cyprinus Carpio 808. 1193501384) sisi2M 


OX. Cyprinus, Carp1o.c AV92 


(Carassius Carassius x Cyprinus carpio) x Cyprinus carpio 


1193 


Carassius 
Carassius 
Carassius 
Carassius 


Carassius 


1370 


Carassius 
Carassius 
Carassius 
Carassius 


Carassius 
405 


Carassius 
Carassius 
Carassius 
Carassius 


Carassius 


Carassius 
Carassius 
Carassius 
Cabassnus 


Carassius 


Carp ? x Amur% 1517 


x Gobio gobio 1193 

x Leuciscus cephalus 1193 
9x Leuciscus cephaluso 1192, 1349 
x Rutilus rucidus: L193 


x Scardinius erythrophthalmus 1193, 1369, 


9x Scardinius erythrophthalmus &% 1349 
x Tincat Cincat 11.93 

x Tribolodon hakonensis 782 

X Vimba vimba vimba n. carinata 1193 


auratuso xX Gnathopogon elongatus elongatus 9 


Carp x big head 1645 


Carp 2 x bigheado’ 1001, 


Carp x Carassius 728, 


ES A: 


253 


Carpo X Carassius 9° 1280 


(Carp x Carassius) x Cyprinus carpio 728 
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Carp x Carassius carassius 1667 

Carp? x (carp? x carp, Silverc)o& 228 
Carp x carp, Amur 1603 

Carp? x carp, Amuro 998 

Carp? x carp, big heado' 228 

Carp x carp, Crucian 254, 429, 667 

Garp x-.Ccarp, eastern, 1179 

Carp x carp, grass 1002 

Capo x Carp, GhASSo 228, 13 70,913.71, 1514 eos 
Carpal X Carp, «grass 9.1372 

Carp x carp, Holiand B 1768 

Carp? x linac 1001 

Carpo x carp, Prussian ? 254 

Cap xX Carp, Silver 228, 1370 

Campo xeCarp),,-Silverd 228, 1371 

Carpo X carp, Silver? 1002 

(Carp x carp, Silver) x carp 228 

(Carp x carp, silver) x (carp x carp, silver) 228 
(Carp x carp, Silver) x carp silver 228 
Carp x carp, wild Amur 1288 

Carp® x Cyclogaster owstoni oc 1543 

Carp x dace, Carassius 1280 

Canpo x, funac 69, 222 

Carp x funa goldfish 1204 

Carp x Gibelio 835 


Canp xngoldtish 183, 254,398, 442, 549), (5755) 691s 7573/66, 
LOSS; LOS, 1473741505, 215707 eds 7s, 2e4a 


Carp? x mahseerco 75 
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Carp? x Pseudogobio esocinuso 1371 
Carpo’ x Puntius? 1372 

Carp? x Puntiuso& 412 

Carp? x Puntius fiery o 1372 

Carp? x Puntius gonionotus ¢ 410 
Carp? x ropshac’ 998 

Carp? x Sacrochilichthys variegatus<o 1371 
Carp x samesh sazan 1628 

Carp“ x sawbelly ? 1002 

Carp? x sawbelly, Korean «1371 
Carp x sawbelly, Korean ? 1372 

Carp? x sogyoco’ 1543 

Carp x tench 1667 

Carp? x tencho’ 228, 1371 

Carpo x tench? 1002 

Carp x wachi-funa 1543 

Carp x yellowfish, clonewilliam 1535 


(Carp x yellowfish, clonewilliam) x yellowfish, clonewilliam 
535 


Carp, Amur xX carp 998 

Carp, Amur? x carp, wildco 909 

Carp, Amur x Lesch 1369 

Carp, American? x carp, Chinese grasso 1008 
Carp, Amur grass° x carp, Chinese grasso 179 
Carp, Amur whiteo’ x carp, Israeli? 536 

Garp, big belly x carp, Dor=70 1122, 1768 
Carp, big belly x carp, European mirror 1120 


Carp, big belly x carp, golid 771, 1122, 1768 
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Carp, big belly x carp, Nasice 1122, 1768 

Carp, big head ?x carp, silverc 228 

Carp, bighead x carp 121 

Carp, bighead? x carp, Amur grasso 179 

Carp, bighead? x carp, bighead grasso 179 

Carp, bighead? x (carp, bighead? x carp, silverc)c 1803 
Carp, bigheado’ x carp, grass ? 338, 339 

Carp, bighead x carp, grass 177 

Carp, bighead x carp, silver 177 

Carp, bighead? x carp, silverco 1803 

Carp, bigheaded x carp, silver 404 

Carp, black x carp, grass 1617 

Carp, blue grey9o x (carp, blue grey? x carp, goldc)’ 773 
Carp, blue grey x carp, gold 773 

(Carp, blue grey x carp, gold) x carp, blue grey 773 
Carp, blue-grey x carp, Nasice 771 

Carp, blue-grey x carp, Dor=-70 771 

Carp, Chinese big belly x carp, Chinese 774 

Carp, Chinese x carp, European 1119 

Carp, Chinese big belly x carp, European 774 

Carp, Chinese grass? x carp, Amur grass (179 

Carp, common? x carp, Crucianc 813 

Carp, common? x carp, grasso 355 

Carp, common? x carp, kawachi Crucianc 813 

Carp, Crucian x carp 429, 918 

Carp, Crucian x carp 1727 


Carp, Crucian? x carp, common 813 
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Carp, domestic x carp, wild 1365 

Carp, Dor-70 x carp, Nasice 771, 1122 

Carp, European? x carp, big belly «1123 

Carp, European x carp, Chinese 1767 

Carp, Galician x carp, czech 1079 

Carp, Galician mirror x carp, Amur 60, 858 

(Carp, Galician mirror x carp, Amur) x carp, Amur 858 
(Carp, Galician mirror x carp, Amur) x carp, Kursk 858 
Carp, gold’ x carp, big belly. 773 

Carp, ‘golld x» carp, blue 1122 

Carp, gold x carp, blue grey 773 

Carp, gold x carp, blue-grey 1768 

Camp; goldyx carp, .Dor=70 1122;,.1768 

Garp, gold 9x (carp, gold big belly? x. carp;.-golda)ic 773 
Carp, gold big belly..x«carp,.gold.773 

(Carp; Gold big belly’ x carp, gold).x:carp, .gold773 
Carp, grasso x big head ? 405 

Carp, grass? x bream 71370 

Carp, Grass’? KX Carpo 228, 1514). 155 

Carp, grass x carp, big head 1012 

Carp, grass xX carp, bighead 177 

Carp, grasso x carp, Israeli mirror ? 1080 

Carp, Grass. X carp, silver 177 

Carp, grasso x Catla® 405 

Carp, grass? x goldfisho 1513 

Carp, grasso x Mrigal 2 405 


Carp, grassco x Rohu®? 405 
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Carp, Hol-B x carp, Nasice 771 

Carp, Hungarian x carp, Polish 1765 

Carp, Indian x carp, Chinese 405 

Carp, Israeli x goldfish 1513 

Carp, kawachi Crucian x carp, common 8:13 
Carp, large scale x carp, small scale 1691 
Carp, Lausitz x carp, Galicienne 1280 
Carp, Lausitz x carp, olt 1280 

Carp, Lausitz x carp, suit-ghiol 1280 
Carp, mirror x carp, Amur 858 

(Carp, mirror x carp, Amur) xX carp, Kurk strain 858 
Carp, mirror x Cyprinus carpio haematopterus 858 
Carp, nas x cares Dor=70 1122 

Carp, nas x carp, gold 1122 

Carp, Nasice x carp, Dor-70 i768 

Carp, Nasice x carp, gold 771, 1768 

Carp, pond x carp, wild 286 

Carp, ropsha x carp, Luskata 921 

Carp, ropsha x carp, Ukranian 1614 

Carp, ropsha x gibridii 1690 

Carp, ropshian x carp, Ukranian 858 

Carp, sazan x carp 1604 

Carp, scale x carp, mirror 545 


(Carp, scale x carp, mirror) x (carp, scale x carp, mirror) 
545 


Carp, scalie x carp, wild 177 


Carp, shep x carp, golden 1617 
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Carp, silvero x big head ? 405 

Carp, silver 9? x bighead 01684 

Carp, silver x bighead 1002 

Carp, silver? x bream, eastern 1370 
Carp, silver x calbasu 53 

Carp, silver? x carpo 228 

Carp, silver? x carp, big head 228 

Carp, silver x carp, bighead 177, 672 
Carp, silver? x carp, common 355 

Carp, silver x carp, grass 177 

Carp, silver? x carp, grass“ 1469 

Carp, Silvero x Catla ? 405 

Carp, silver x Mylopharyngodon picens 1370 
Carp, Ssilverc x rohu 9 405 

Carp, small scale x carp, Amur 1691 

Carp, smallhead x carp, Amur 1603 

Carp, sp. xX carp, sp. 404 

Carp, Ukranian x carp, Amur 1603 

Carp, Ukranian white x carp, ropsha 1603 
Carp, wild? x carp, frame scaleo177 
Carp, wild x carp, silver 1370 

Carp, wild x carp, domesticated scaled 298 
Carp, wild x, carp, grass 1370, 1514 

Garp, wild..x.carp,,.mirror 1282 

Carp, yamato’ x carp, German scaled “1548 


Carp, yamato? x carp, mirrorc 1548 
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Carpio kollaric x Cyprinus carassius ? 869 
Carpiodes carpio x Carpiodes cyprinus 775 
Carpiodes velifer x Carpides carpio 775 
Caspialosa kessleri? x Pelecus cultratuso 1349 
Catfish, black bullhead x catfish, blue 535 
Catfish, black bullhead x catfish, channel 535 
Catfish, black bullhead x catfish, white 535 
Catfish, black bullhead x catfish, yellow bullhead 535 
Catfish, blue x catfish, channel 495, 535 
Catfish, blue? x catfish, channelc 445, 533, 534 
Catfish, blueo x catfish, channel? 254, 1794 
Catfish, blue x catfish, yellow bullhead 535 
Catfish, brown bullhead x catfish, blue 535 
Catfish, brown bullhead x catfish, white 535 
Catfish, brown bullhead x catfish, yellow bullhead 535 
Catfish, channel x catfish, blue 535 

Catfish, channel? x catfish, blueo 533, 534 
Catfish, channel x catfish, brown bullhead 535 
Catfish, channel x catfish, yellow bullhead 535 
Catfish, channel x catfish, white 535 

Catfish, channel? x catfish, white «533, 534 
Catfish, flathead? x catfish, black bullhead o 535 
Catfish, flathead? x catfish, bluec 535 

Catfish, flathead? x catfish, brown bullhead 0535 
Catfish, flathead? x catfish, channel co 535 
Catfish, flathead? x catfish, white co 535 


Catfish, flathead? x catfish, yellow bullhead «(535 
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Catfish, white x catfish, blue 535 


Catfish, white x catfish, blue 533, 534 


Catfish, white x catfish, brown bullhead 535 


Catfish, white x catfish, channel 535, 1794 


Catfish, white x catfish, yellow bullhead 535 


Catfish, wild channel x catfish, albino channel 1713 


Catfish, yellow bullhead x catfish, blue 535 


Catfish, yellow bullhead x catfish, brown bullhead 535 


Catfish, yellow bullhead x catfish, channel 535 


Catfish, yellow bullhead x catfish, white 535 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


Catla 


x Calbasu 406 

x Mrigal 798 

x Rohu 406 

x Rohu 254, 1643 

catla x Aristichthys nobilis 139, 728 

catla x Cirrhina mrigala 402, 405, 728 
catla x Cirrhinus mrigala 798 

catla x Ctenopharyngodon idella 728 

catla x Ctenopharyngodon idellus 139 

catla x Ctenopharyngodon idellus 1565 
catla x Hypophthalmichthys molitrix 139, 728 
catla x Hypophthalmichthys molitrix 1565 
catla x Labeo calbasu 1006a 

catla x Labeo calbasu 402, 405, 728 

catla x Labeo rohita 405, 797, 1006a, 1467 
catla x Labeo rohita 402, 404, 405, 408, 728 
catla x (Mrigal x Calbasu ) 405 

catla x (Mrigal x Kalbasu ) 798 
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(Catla catla x Labeo rohita) x (Catla catla x Labeo rohita ) 


404 


Catostomus x Xyrauchen 1193 


Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 


Catostomus 
1174, 


Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 
Catostomus 


Catostomus 
1642 


Catostomus 


catostomus x Catostomus commersoni 1173 


columbianus x Catostomus macrocheilus 1105 


commersoni 
commersoni 
commersoni 


commersoni 
P2124 


commersoni 
commersoni 
commersoni 


commersoni 


1235 


x 


x 


x 


x 


x 


Catostomus 


Catostomus 


Catostomus 


Catostomus 


Catostomus 


catostomus 1235 
discobolus 1173 
Laérpinnrs, 1173 


macrocheilus 1105, 1173, 


platyrhynchus 1235 


suckleyi x sucker, bluehead 1424 


suckleyi x sucker, longnose 1424 


suckleyi x sucker, mountain 1424 


commersonii x Catostomus catostomus 1171 


commersonii x Catostomus macrocheilus 1171 


discobolus 
insignis 
insignis 
insignis 
insignis 
latipinnis 


latipinnis 


Jatipinnis 


dephinus 696 


x Catostomus commersoni 745 


x Xyrauchen texanus 696, 


x Catostomus latipinnis 1105 
x Pantosteus clarki 1105 


x Pantosteus discobolus 1105 


LROS C1523 


x Catostomus commersoni 745 


x Xyrauchen texanus 249, 


6967) 7457) 105; 


discobulus x Pantosteus dephinus 


Catostomus macrocheilus x Catostomus syncheilus 1193 


Catostomus platyrhynchus x Catostomus tahoensis 766 


Catostomus snyderi x Catostomus luxatus 176 


377 


Catostomus snyderi x Chasmistes brevirostris 176 
Catostomus sp. x Pantosteus discobolus 1105 
Cavefish, chica x cavefish, river 1375 

Cavefish, pachon x cavefish, river 1375 

Cavefish, sabinos x cavefish, river 1375 
Centrarchus macropterus x Lepomis macrochirus 358 
Centropyge flavissimus x Centropyge vrolikii 1561 
Centropyge vroliki x Centropyge flavissimus 1525 
Centropyge vrolikii x Centropyge flavissimus 1561 
Cephalopholis fulva x Paranthias furcifer 1476 
Chaenobrytthus ° x Chaenobrytthusc 1083, 1084 
Chaenobrytthus 9 x Lepomisc 1083, 1084 
Chaenobrytthus ° x Micropterus 71083, 1084 
Chaenobrytthus 2? x Pomoxisc 1083, 1084 
Chaenobryttus x Lepomis 1711 

Chaenobryttus ? x Lepomis %1711, 1712 
(Chaenobryttus x Lepomis) x Chaenobryttus 1711 
(Chaenobryttus x Lepomis) x Lepomis 1711 
Chaenobryttus 9 x Micropteruso 1711, 1712 
Chaenobryttus cyanellus x Chaenobryttus gulosus 1105 
Chaenobryttus gulosus x Lepomis auritus 224, 1712 


Chaenobryttus gulosus x Lepomis cyanellus 224, 410, 411, 
HOO, 71:2 


Chaenobryttus gulosus x Lepomis gibbosus 224, 1712 
Chaenobryttus gulosus x Lepomis macrochirus 224, 1009 
Chaenobryttus gulosus x Lepomis microlophus 1009 
Chaetodon aureofasciatus x Chaetodon rainfordi 1304 


Chaetodon auriga x Chaetodon ephippium 1304 
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1009, 


Chaetodon auriga x Chaetodon lJunula 1304 


Chaetodon ephippium x Chaetodon semeion 1304 


Chaetodon ephippium x Chaetodon xanthocephalus 1304 


Chaetodon kleine x Chaetodon unimaculatus 1304 


Chaetodon miliaris x Chaetodon tinkeri 1304 


Chaetodon ornatissimus x Chaetodon meyeri 1304 


Chaetodon pelewensis x Chaetodon punctatofasciatus 1304 


Chaetodon punctatofasciatus x Chaetodon pelewensis 1304, 1525 


Char x salmon 1317, 1540, 1541 


Char x trout 501, 989, 1050 


Charex? trout; brook’ 330, 550; 841, 1070; 1366, 71367, «1540 


Charo x trout, brooko 1541 


Charo x trout, brook ? 1367 


Char 
Char 
Char 
Char 
Char, 
Char, 
Char, 
Char, 
Char, 
Char, 
Char, 
Char, 


Char, 


x 


x 


x 


x 


(Char, 


trout, brown 1317 

trout, lake 1541 

trout, rainbow 1540, 1541 

cEEOUt, sea: 1317 
American x trout, Loch Leven 1006 
American brook x trout, brown 1328 
Arctic x salmon, Atlantic 627 
Arctic x trout, brook 689, 1259 
Arctic x trout, brown 627, 689 
Arctic x trout, sea 627 

brook x char, lake 1052 

brookd x char, lake? 1155 

lake x char, brook 1590 


lake x char, brook) x char, lake 297 
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Char, red x trout 755 

Characodon lateralis x Allotoca dugesi 579 
Characodon lateralis x Ameca splendens 579 
Characodon lateralis x Xenophorus captivus 579 
Characodon lateralis x Xenotoca eiseni 579 
Characodon lateralis x Xenotoca melanosoma 579 
Characodon lateralis x Xenotoca variata 579 

Charr, Arctic x trout, brown 803 

Charr, Aurora x charr, brook 1303 

Charr, brook9 x charr, lakeco’ 297 

Charr, lake x charr, brook 297 

Charr, lake? x charr, brook do 297 

Charr, lake? x (charr, lake? x charr, brookc)o 297 
Charr, lake? x splakeo 297 

Chir x peled 1679 

Chir x pelyad 309, 643, 1680 

Chir x pelyady 644 

Chir x pelyly 1677 

Chiropeops goodel x Lucania parva 1193 

Chirostoma chapalae x Chirostoma consocium 252 
Chirostoma sphyraena x Chirostoma lucius 252 
Chodskoi sir x Pelyad 1207 

Chondrostoma nasus x Blicca bjoerkna 1341 
Chondrostoma nasus x Gobio gobio 1341 

Chondrostoma nasus x Leuciscus cephalus 1341, 1359 
Chondrostoma nasus x Leuciscus souffie agassize 1341 


Chondrostoma nasus x Rutilus rutilus 1341 
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Chondrostoma phoxinus x Paraphoxinus alepidotus 1383 


Chondrostoma toxostoma x Leuciscus cephalus 1253 


Chondrostoma toxostoma x Telestes soufia 1253, 1359 


Christivomer x Salvelinus 707 


Chromidotilapia force x Chromidotilapia guntheri? 966 


Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
'Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 
Chrosomus 


Chrosomus 


x Clinostomus 1042 

x Couesius 1042 

x Dionda 1042 

x Ericymba 1042 

x Erimystax 1042 

x Exoglossum 1042 

x Extrarius 1042 

x Hemitremia 1042 

x Hybognathus 1042 

x Hybopsis 1042 

x Macrhybopsis 1042 

x Margariscus 1042 

x Nocomis 1042 

x Notemigonus 1042 

x Notropis 1042 

x Semotilus 545, 1042 

eos X Chrosomus neogaeus 545, 759, 942, 1235, 1424 
erythrogaster x Campostoma anomalum 665 
erythrogaster x Clinostomus funduloides 665 
erythrogaster x Notropis cornutus 665 
erythrogaster x Notropus cornutus 1212 


erythrogaster x Semotilus atromaculatus 442, 665 


Chrosomus neogaeus x Chrosomus eos 1424 


Chubyx, bileakj 1572, 1726 


Chub x roach 1726, 1727 


Chub x rudd 1727 


Chub, creek x chub, common 1144 


Chub, creek x stoneroller 1144, 1353 


Chub, horneyhead x chub, creek 1352 


Chub, lake x dace, longnose 390 


Chub, speckled x chub, sturgeon 1144 


Chub, white x chub, spotted 1617 


Cichlasoma cyanoguttatum 9? x Geophagus brasiliensis 31591 


Cichlasoma cyanoguttatum? x Herotilapia multispinosag 1591 


Cichlasoma meekic x Cichlasoma nigrofasciatum? 966 


Cichlasoma nigrofasciatum x Cichlasoma cyanoguttatum 966 


Cichlasoma nigrofasciatumco x Cichlasoma cyanoguttatum? 966 


Cichlasoma nigrofasciatum? x Geophagus brasiliensis ¢& 221 


Cichlasoma silurius x Cichlasoma nigrofasciatum 1808 


Gachiiid, 
Cichlid, 


Carchilid; 


convict ? x cichlid, firemouth oc 1339 
convict ? x cichlid, texaso 1339 


firemouth x cichlid, texas 1234 


Cichlosoma citrinellum x Cichlosoma labiatum 975 


Cir x pelydy 310 


Cirrhina 
Cirrhina 
Cirrhina 
Cirrhina 


Cirrhina 


molitorellac x Carassius asuratus ? 1565 
molitorella x Cyprinus carpio 799 
molitorellac x Cyprinus carpio? 728, 1565 
mrigala“ x Labeo bata? 53 


mrigalac x Labeo calbasu®? 53, 402, 405, 728 
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Cirrhina mrigala? x Labeo rohitac 1468 


Cirrhina 


mrigalao x Labeo rohita? 402, 405, 728 


Cirrhina mrigalac x (mrigalo x calbasu?) 9° 405 


Cirrhina 


reba? x Ctenopharyngodon idella co 694 


Cirrhina reba x Cirrhina mrigala 694 


Cirrhina 
Cirrhina 


Cirrhina 


rebac x Labeo calbasu? 402, 405, 728 
reba? x Labeo rohitac 694 


rebac x Labeo rohita? 402, 405, 728 


Cirrhinus molitoreila x Cyprinus carpio 254 


Cirrhinus mrigala x Labeo calbasu 798 


Cirrhinus mrigalac x Labeo rohita? 798 


Cirrhinus mrigala ocx (mrigalo x kalbasu 9)? 798 


Cisco x 
Cisco x 
Cisco x 
Cisco x 
Ciscoes 


Clarius 


Coregonus aibula 890 

whitefish 1470 

whitefish, lake 1276 

whitefish, Lake Chud 889 

x Coregonus lavaretus (whitefish) 272 


macrocephalus9 x Pengasius sutchio105 


Clinostomus x Dionda 1042 


Clinostomus x Ericymba 1042 


Clinostomus x Frimystax 1042 


Clinostomus x Exoglossum 1042 


Clinostomus x Extrarius 1042 


Clinostomus x Hemitremia 1042 


Clinostomus x Hybognathus 1042 


Clinostomus x Hybopsis 1042 


Clinostomus x Margariscus 1042 
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Clinostomus 
Clinostomus 
Clinostomus 
Clinostomus 
Clinostomus 
Clinostomus 
Clinostomus 
Clinostomus 
Clinostomus 
Clinostomus 


Clinostomus 
1496 


Clinostomus 
659 


Clinostomus 
Clinostomus 
Clinostomus 


Clinostomus 


x Nocomis 1042 


x Notemigonus 1042 


x Notropis 1042 


xX Opsopoedus 1042 


x Parexoglossum 1042 


x Phenacobius 1042 


x Pimephales 1042 


elongatus xX 
elongatus xX 
elongatus xX 


elongatus x 


elongatus xX 


funduloides 
funduloides 
funduloides 


funduloides 


Cobitis biwae x Cobitis 


Cobitis biwae x Misgurnus anguillicaudatus 


Notropis cornutus 1496 


Notropis cornutus frontalis 659 
Phoxinus erythrogaster 1496 


Semotilus atromaculatus 1352, 1424, 


Semotilus atromaculatus atromaculatus 


x Nocomis leptocephalus 622 
x Notropis cornutus 1496 
x Notropis rubellus 1496 
x Phoxinus oreas 692, 693 
taenia 1545 


1545 


Cobitis taenia? x Carassius auratusc& 188 


Cod x cunner 1431 


Coho ° x trout co 426 


Cohoo x trout ? 426 


Colisa fasciata x Colisa lalia 1664 


Colisa labiosa x Colisa lalia 1512 


Colisa lalia x Colisa fasciata 1666 


Coregonus x Leucichthys 1213 


Coregonus“ x Leucichthys 2? 608 
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Coregonus 


x Prosopium 1213 


Coregonus x Prosopium 2 608 


Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 
Coregonus 


Coregonus 


albula x Coregonus lavaretus 572, 1255 

albula x Coregonus lavaretus ludoga 177 

albula x Coregonus lavaretus maraenoides 254 
albula? x Coregonus lavaretus maraenoides © 884 
albulac x Consuonue lavaretus maraenoides ? 1024 
albula ladogensis x Coregonus lavaretus ludoga 491 
artedi x Coregonus clupeaformis 272, 1235 
artedii x Coregonus clupeaformis 1276 
autumnalis x Coregonus muksun 287, 1327 
baeri? x Salmo farioc 1543 

baeri x Salmo fario lacustris 491 
baeri? x Salmo salarc 1543 

baeri x Salvelinus fontinalis 1029 
baeri? x Salvelinus fontinalisco& 1543 
baerii? x Coregonus albulac 669 
clupeaformis x Coregonus artedi 1235 
hoyi x Coregonus artedi1 936 
lavaretus 9? x Coregonus albulao 609, 1024 
lavaretus x Coregonus pidschian 1441 


lavaretus x Coregonus schnizii 1683 


lavaretus baeri x Salvelinus fontinalis 691, 1004, 


1005 


Coregonus 


Coregonus 


lavaretus maraenoides? x Coregonus albula® 884 


Javaretus maraenoides? x Coregonus peled “ 884 


Coregonus macrophtalmus x Coregonus schinzi 1672 


Coregonus muksun x Stenodus leucichthys 797 
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Coregonus 


Coregonus 


Coregonus 


Coregonus 


Coregonus 


Coregonus 


Coregonus 


Coregonus 


Coregonus 


nasus xX Coregonus peled 309, 1678 

nasus 2x Coregonus peledc& 889 

nasus xX Coregonus pidschian 272 

nasus x Stenodus leucichthys 797 

oxyrhynchus x Coregonus albula 572 

peled x Coregonus lavaretus marmaenoides 799 
peled x Coregonus nasus 1678 

peled? x Coregonus nasus %889 


pidschian x Coregonus muksun 272, 572 


Cottus bubalis? x Perca fluviatilis© 188 


Cottus bubalis 2x Salmo irideus 5188 


Cottus gobios x Cottus poecilopus ? 173 


Cottus poecilopusS x Cottus gobio? 173 


Couesius x Hybognathus 1042 


Couesius 
Couesius 
Couesius 
Couesius 
Couesius 
Couesius 
Couesius 
Couesius 
Couesius 
Couesius 
Couesius 


Couesius 


1235, 


Crappie, black °x bass, 


x 


x 


x 


x 


x 


P 


Macrhybopsis 1042 
Margariscus 1042 
Mylocheilus 1042 
Notemigonus 1042 
Notropis 1042 
Pimephales 1042 
Platygobio 1042 
Ptychocheilus 1042 
Rhinichthys 1042 
Richardsonius 1042 
Semotilus 1042 


lumbeus x Rhinichthys cataractae 
1496, 1523 


37/4a, 1172, Lis Aaa 


largemouth o 388 
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Crappie, black? x bass, rock “388 


Crappie, black? x bluegillc 388 


Crappie, black x crappie, white 1009, 1010, 1424 


Crappie, blackc x crappie, white ° 1087 
Crappie, black? x warmouth ° 388 


Crappie, white x crappie, black 400, 527, 1144, 1424 


Crappie, white? x crappie, black °388 
Crappie, white ox crappie, black ? 1087 
Crappie, white ?x flier (388 

Crenilabrus cinereus x Crenilabrus ocellatus 688 


Cristivomer namaycush x Salvelinus fontinalis 1245 


Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 


Ctenopharyngodon 
996 


Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 
Ctenopharyngodon 


Ctenopharyngodon 


idella x Aristichthys nobilis 177, 721, 728 
idella?x Aristichthys nobilisc 264, 728, 996 
idellag x Cirrhina mrigala 9728 

idella ox Cirrhinus mrigala ° 798 

idella x Cyprinus carpio 721, 1553, 1582a 
idella? x Cyprinus carpioc 996, 1514 

idellac x Cyprinus carpio? 536, 728, 846, 1644 
idella x Hypophthalmichthys molitrix 177, 1007 


idella? x Hypophthalmichthys molitrix “728, 


idella x Hypophthalmichthys nobilis 1012 
idella x Labeo rohita 728 

idella? x Megalobrama terminalisS 728 
idella? x Mylopharyngodon piceus®% 996 
ideila? x Parabramis pekinensis ¢ 728 
idellus x Aristichthys nobilis 139 


idellus¢ x Cyprinus carpio? 139 
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Ctenopharyngodon idellus x Labeo rohita 139 
Cunner 9 x Apeltes quadracus ° 1431 
Cunner 0° x Apeltes quadracus 2? 1431 
Cunner o x Cyprinodon variegatus ? 1431 
Cunner «0 x Fundulus diaphanus? 1431 
Cunner ° x Fundulus heteroclitus 41431 
Cunner oc x Fundulus heteroclitus ? 1431 
Cunner ° x Fundulus majalis 71431 
Cunnero x Gasterosteus aculeatus? 1431 
Cunner ° x Menidia beryllina cereac 1431 
Cunner ? x Menidia menidia notatac 1431 
Cunner o x Menidia menidia notata? 1431 
Cunner ° x mummichog °1431 

Cunner ° x Poronotus triacanthus o 1431 
Cunner 9 xX scup 01431 

Cunner 9 x Stenotomus chrusopsc 1431 
Cunnero x Stenotomus chrysops®? 1431 


Cyprinodon atrorus x (Cyprinodon atrorus x Cyprinodon macularis) 
94 


Cyprinodon atrorus x (Cyprinodon atrorus x Cyprinodon rubrofluviatilis 
448 


Cyprinodon atrorus® x Cyprinodon bifasciatus ? 1620 
Cyprinodon atrorus® x Cyprinodon eximius ? 980 
Cyprinodon atrorus x Cyprinodon macularis 94 
Cyprinodon atrorus®S x Cyprinodon macularius ? 980, 1620 


(Cyprinodon atrorus x Cyprinodon macularis) x (Cyprinodon 
atrorus x Cyprinodon macularis) 94 


Cyprinodon atrorus x Cyprinodon macularius 448 


Cyprinodon atrorus x Cyprinodon nevadensis nevadensis 94, 448 
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Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 


Cyprinodon 


atrorus°% x Cyprinodon nevadensis nevadensis? 980 


atrorus x Cyprinodon rubrofluviatilis 94, 448, 449 


atroruso x Cyprinodon variegatus ? 1620 


atrorus x Cyprinodon salinus 448 


atrorus F 


rubrofluviatil4 


x (Cyprinodon atrorus x Cyprinodon 


s) 94 


Cyprinodon bifasciatus x Cyprinodon atrorus 1530 


(Cyprinodon bifasciatus¢ xX Cyprinodon atrorus?)o x (Cyprinodon 


bifasciatuso x Cyprinodon atrorus?)? 980 


Cyprinodon bovinus x (Cyprinodon bovinus x Cyprinodon 
rubrofluviatilis) 449 


Cyprinodon bovinus? x Cyprinodon elegansS 528 


Cyprinodon bovinus x Cyprinodon rubrofluviatilis 449 


Cyprinodon bovinus x Cyprinodon sp. 449 


(Cyprinodon bovinus x 


Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
eepainoden 


Cyprinodon 


bovinus? x 
bovinusc xX 
elegans? xX 
elegans? x 


elegans? X 


Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 
Cyprinodon 


Cyprinodon 


sp.) x Cyprinodon sp. 449 
variegatus© 528 
variegatus ? 1620 
atrorus 0° 1530 
nevadensis & 1530 


radiosus 01530 


elegans x Cyprinodon variegatus 1100 


elegans? x Cyprinodon variegatus 0 1530 


eximiuso x Cyprinodon atrorus ? 1620 


eximius©® x Cyprinodon macularius?1620 


jamaicensis x Cyprinodon variegatus 492 


macularis? x Cyprinodon elegans 31530 


mIacularis? xX Cyprinodon nevadensisc& 1530 


macularis? x Cyprinodon variegatus °c 1530 


macularius©% x Cyprinodon atrorus ? 980, 1620 
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Cyprinodon macularius x (Cyprinodon atrorus x Cyprinodon 
rubrofluviatilis) 448 


Cyprinodon macularius*® x Cyprinodon bifasciatus? 1620 
Cyprinodon macularius*S x Cyprinodon eximius? 980 
Cyprinodon macularius x Cyprinodon nevadensis 1620 
Cyprinodon maculariusc x Cyprinodon nevadensis? 1620 


(Cyprinodon macularius x Cyprinodon nevadensis) x (Cyprinodon 
macularius xX Cyprinodon variegatus) 1620 


Cyprinodon maculariusc x Cyprinodon nevadensis mionectes? 980 

Cyprinodon macularius¢% x Cyprinodon nevadensis nevadensis? 980 

(Cyprinodon macularius x Cyprinodon nevadensis nevadensis) x 
peuprooded macularius x Cyprinodon variegatus variegatus) 

Cyprinodon maculariusc x Cyprinodon radiosus ? 1620 

Cyprinodon maculariusc x Cyprinodon salinus? 1620 

Cyprinodon macularius x Cyprinodon variegatus 980, 1620 

Cyprinodon maculariusc x Cyprinodon variegatus9 1620 

Cyprinodon macularius « x Cyprinodon variegatus variegatusg 980 

Cyprinodon macularius x Jordanella floridae 448 


Cyprinodon macularius californicus x Cyprinodon atrorus 449 


(Cyprinodon macularius californicus x Cyprinodon atrorus) x 
Cyprinodon atrorus 449 


(Cyprinodon macularius californicus x Cyprinodon atrorus) x 


F, 449 


Cyprinodon macularius californicus x (Cyprinodon atrorus x 
Cyprinodon rubrofluviatilis) 449 


Cyprinodon macularius californicus x Cyprinodon eximius 449 
Cyprinodon macularius californicus x Jordanella floridae 449 


Cyprinodon macularius californicus x Cyprinodon rubrofluviatilis 
449 
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Cyprinodon macularius californicus x Cyprinodon sp. 449 


Cyprinodon macularius californicus x Cyprinodon variegatus 
variegatus 449 


Cyprinodon nevadensis, x Cyprinodon atrorus? 1620 

Cyprinodon nevadensis“ x Cyprinodon bifasciatus? 1620 
Cyprinodon nevadensisco x Cyprinodon macularius? 1620 
Cyprinodon nevadensiso x Cyprinodon radiosus ? 1620 

Cyprinodon nevadensis x Cyprinodon salinus 1619 

Cyprinodon nevadensiso x Cyprinodon salinus? 1620 

Cyprinodon nevadensis? x Cyprinodon variegatus¢ 1530 
Cyprinodon nevadensisc x Cyprinodon variegatus ? 1620 
Cyprinodon nevadensis amargosae x Cyprinodon atrorus 448, 449 


(Cyprinodon nevadensis amargosae x Cyprinodon atrorus) x 
Cyprinodon atrorus 449 


Cyprinodon nevadensis amargosae x (Cyprinodon atrorus x 
Cyprinodon rubrofluviatilis) 449 


(Cyprinodon nevadensis amargosae x (Cyprinodon atrorus x 
Cyprinodon rubrofluviatilis)) x Cyprinodon rubrofluviatilis 
449 


(Cyprinodon nevadensis amargosae x Cyprinodon atrorus) x 
(Cyprinodon sp. x Cyprinodon bovinus) 449 


Cyprinodon nevadensis amargosae x (Cyprinodon nevadensis 
amargosae x Cyprinodon rubrofluviatilis) 449 


Cyprinodon nevadensis amargosae x Cyprinodon rubrofluviatilis 
448, 449 


(Cyprinodon nevadensis amargosae x Cyprinodon rubrofluviatilis) 
x Cyprinodon rubrofluviatilis 449 


Cyprinodon nevadensis amargosae x Jordanella floridae 448, 449 
Cyprinodon nevadensis armagosa x Cyprinodon atrorus 94 


(Cyprinodon nevadensis armagosa x Cyprinodon atrorus) x 
Cyprinodon rubrofluviatilis 94 
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Cyprinodon nevadensis armagosa x Cyprinodon rubrofluviatilis 
94 


Cyprinodon nevadensis nevadensis x Cyprinodon atrorus 449 


Cyprinodon nevadensis nevadensis x Cyprinodon rubrofluviatilis 
92, 448, 449 


Cyprinodon ovinusc x ((Cyprinodon radiosuso x Cyprinodon 
nevadensis nevadensis? )* x (Cyprinodon macularius* x 
Cyprinodon variegatus variegatus?)2)? 980 

Cyprinodon pecosensis xX Cyprinodon macularius californicus 449 

Cyprinodon pecosensis x Cyprinodon macularius macularius 449 

Cyprinodon pecosensis x Cyprinodon rubrofluviatilis 449 


(Cyprinodon pecosensis x Cyprinodon rubrofluviatilis) x F, 449 


2 
Cyprinodon pecosensis x Jordanella floridae 449 
Cyprinodon radiosus x Cyprinodon nevadensis 980, 1620 


(Cyprinodon radiosus x Cyprinodon nevadensis) x (Cyprinodon 
macularius xX Cyprinodon variegatus) 980, 1620 


Cyprinodon radiosuso x Cyprinodon nevadensis nevadensis? 980 

(Cyprinodon radiosus x Cyprinodon nevadensis nevadensis) x 
(Cyprinodon macularius x Cyprinodon variegatus variegatus) 
980 


Cyprinodon rubrofluviatilis x Cyprinodon atrorus 94, 449 


(Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
atrorus 449 


Cyprinodon rubrofluviatilis x (Cyprinodon atrorus x (Cyprinodon 
atrorus xX Cyprinodon rubrofluviatilis)) 448 


((Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
atrorus) x Cyprinodon rubrofluviatilis 449 


((Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
atrorus) x F, 449 


(Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
nevadensis amargosae 449 


(Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x (Cyprinodon 
nevadensis nevadensis x Cyprinodon rubrofluviatilis) 449 
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Cyprinodon rubrofluviatilis x (Cyprinodon atrorus x Cyprinodon 
rubrofluviatilis) 94, 448 


(Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
rubrofluviatilis 94, 449 


(Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x ((Cyprinodon 
rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
atrorus) 449 


((Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
rubrofluviatilis) x F, 449 


((Cyprinodon rubrofluviatilis x Cyprinodon atrorus) x Cyprinodon 
rubrofluviatilis) x ((Cyprinodon rubrofluviatilis x 
Cyprinodon atrorus) x Cyprinodon atrorus) 449 

(Cyprinodon rubrofluviatilis x (Cyprinodon atrorus x Cyprinodon 
rubrofluviatilis)) x (Cyprinodon rubrofluviatilis x 
(Cyprinodon atrorus x Cyprinodon rubrofluviatilis)) 94 

Cyprinodon rubrofluviatilis x Cyprinodon bovinus 94, 448, 449 


(Cyprinodon rubrofluviatilis x Cyprinodon bovinus) x Cyprinodon 
bovinus 94 


(Cyprinodon rubrofluviatilis x Cyprinodon bovinus) x Cyprinodon 
rubrofluviatilis 449 


Cyprinodon rubrofluviatilis x Cyprinodon eximius 449 
Cyprinodon rubrofluviatilis x Cyprinodon macularis 94 
Cyprinodon rubrofluviatilis x Cyprinodon macularius 448 


Cyprinodon rubrofluviatilis x (Cyprinodon macularius x 
Cyprinodon variegatus) 980 


Cyprinodon rubrofluviatilis ox (Cyprinodon maculariusc x 
Cyprinodon variegatus? )? 1620 


Cyprinodon rubrofluviatilis“% x (Cyprinodon maculariusS x 
Cyprinodon variegatus variegatus 2)? 980 


Cyprinodon rubrofluviatilis x Cyprinodon nevadensis 94 


(Cyprinodon rubrofluviatilis x Cyprinodon nevadensis) x 
Cyprinodon rubrofluviatilis 94 


Cyprinodon rubrofluviatilis x Cyprinodon nevadensis amargosae 
449 
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Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis 
92, 94, 448, 449 


(Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis) 
x (Cyprinodon atrorus x Cyprinodon rubrofluviatilis) 94, 


448 
(Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis) 
x F, 449 
2 


(Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis) 
x Cyprinodon macularius 448 


(Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis) 
x Cyprinodon macularius californicus 449 


Cyprinodon rubrofluviatilis x (Cyprinodon nevadensis nevadensis 
x Cyprinodon rubrofluviatilis) 449 


(Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis) 
x Cyprinodon rubrofluviatilis 94, 448, 449 


((Cyprinodon rubrofluviatilis x Cyprinodon nevadensis nevadensis) 
x Cyprinodon rubrofluviatilis) x Fy 449 
Cyprinodon rubrofluviatilis x Cyprinodon pecosensis 449 


Cyprinodon rubrofluviatilis x (Cyprinodon pecosensis x Cyprinodon 
rubrofluviatilis) 449 


Cyprinodon rubrofluviatilis x (Cyprinodon rubrofluviatilis x 
Cyprinodon bovinus) 449 


Cyprinodon rubrofluviatilis x Cyprinidon sp. 449 
Cyprinodon rubrofluviatilis? x Cyprinodon variegatus ¢1530 


Cyprinodon rubrofluviatiliso x Cyprinodon variegatus variegatus? 
980 


Cyprinodon salinus x Cyprinodon atrorus 449 

Cyprinodon salinuso x Cyprinodon macularius®? 980 
Cyprinodon salinus x Cyprinodon nevadensis 1619 
Cyprinodon salinus? x Cyprinodon nevadensis o 1618 
Cyprinodon salinusco x Cyprinodon nevadensis? 1618, 1620 


Cyprinodon salinusc x Cyprinodon radiosus 2 1620 
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Cyprinodon salinus© x Cyprinodon rubrofluviatilis? 1620 
Cyprinodon salinus? x Cyprinodon variegatus¢% 1530 
Cyprinodon sp. xX Cyprinodon bovinus 94, 449 
Cyprinodon sp. x Cyprinodon rubrofluviatilis 94 
Cyprinodon sp. x (Cyprinodon sp. x Cyprinodon bovinus) 94 
Cyprinodon sp.? x Cyprinodon variegatusc 1530 
Cyprinodon variegatus °x Cyprinodon atrorus? 1620 
Cyprinodon variegatus “x Cyprinodon bifasciatus? 1620 
Cyprinodon variegatus x Cyprinodon bovinus 122, 839 
Cyprinodon variegatus? x Cyprinodon bovinusc 528 
Cyprinodon variegatus? x Cyprinodon macularis “1530 
Cyprinodon variegatusS x Cyprinodon macularius ? 1620 
Cyprinodon variegatus? x Cyprinodon nevadensis “ 1530 
Cyprinodon variegatusS x Cyprinodon nevadensis? 1620 
Cyprinodon variegatusS x Cyprinodon radiosus? 1620 
Cyprinodon variegatus 2 x Cyprinodon rubrofluviatilisc 1530 
Cyprinodon variegatus* x Cyprinodon rubrofluviatilis? 1620 
Cyprinodon variegatus? x Cyprinodon salinus ¢ 1530 
Cyprinodon variegatus ovinus° x Cyprinodon macularius? 980 
Cyprinodon variegatus ovinus “x ((Cyprinodon radiosus? x 
Cyprinodon nevadensis?)°% x (Cyprinodon macularius % x 
Cyprinodon variegatus?)?)? 1620 


Cyprinodon variegatus ovinus’ x Cyprinodon variegatus 
variegatus ? 980 


Cyprinodon variegatus variegatus x Cyprinodon bovinus 448, 449 
Cyprinodon variegatus variegatus x Cyprinodon eximius 449 
Cyprinodon variegatus variegatus x Cyprinodon pecosensis 449 


Cyprinodon variegatus variegatus x Cyprinodon rubrofluviatilis 
448, 449 


Cyprinus x Carassius’ 872, 11927) 11938 

Cyprinus auratus cuvieri? x Cyprinus carpiog 1222 
Cyprinus Carassius x Misgurnus anguillicaudatus 1543 
Cyprinus carpio x Abramis brama 1369 

Cyprinus carpio? x Abramis bramac“ 1516 

Cyprinus carpio x Alburnus nobilis 1369, 1370 
Cyprinus carpio x Aristichthys nobilis 721 

Cyprinus carpio? x Aristichthys nobilis? 1001 
Cyprinus carpioco x Aristichthys nobilis? 1645 


Cyprinus carpio x Carassius auratus 290, 461, 691, 728, 1004, 
UOOS AOS. 1939 1223 > 271s laa ai SS 4ta SiO; a Swale 


Cyprinus carpio x Carassius auratus auratus 398 
Cyprinus carpio x Carassius auratus gibelio 720 


Cyprinus carpio x Carassius carassius 290, 429, 1004, 1005, 
HOA wos 22 13597 602 aa 


Cyprinus carpio? x Carassius carassius “1192 
Cyprinus carpio xX carp, wild 728 
Cyprinus carpio x Ctenopharyngodon idella 311, 721, 1000 


Cyprinus carpio? x Ctenopharyngodon idella& 355, 996, 1411, 
1413 


Cyprinus carpioc x Ctenopharyngodon idella? 728, 1644 
Cyprinus carpio x Cyprinus auratus 1009 
Cyprinus carpio? x Cyprinus carpioc 1543 


Cyprinus carpio x (Cyprinus carpio x Hypophthalmichthys molitrix) 
264 


Cyprinus carpio x Cyprinus carpio haematopterus 854, 1612 
Cyprinus carpio? x Hemiculter eigenmannic 355, 1644 


Cyprinus carpio x Hypophthalmichthys molitrix 228, 264 
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Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 


Cyprinus 


carpio? x Hypophthalmichthys molitrix¢ 996, 999 


carpioc x Hypophthalmichthys molitrix? 728 


carpio? x Labeo rohitac 138 


carpioc x Labeo rohitac 728 


carpio 2x Mylopharyngodon piceus & 996 


carpio 


x Puntius gonionotus 410 


carpio? x Puntius gonionotusc 412 


carpio? x Rutilus rutilus carpathornicus ¢ 471 


carpio 


x Scardinius erythrophthalmus 1369, 1370 


Cyprinus carpioc x (Tilapia mossambica ox Tilapia nilotica? ) ? 
1289 


Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 
Cyprinus 


Cyprinus 


carpio 
carpio 
carpio 
carpio 
carpio 
carpio 
carpio 
carpio 
carpio 


carpio 


Dab x flounder 


x Tinca-tincal 721), Ado3s) 1369) 137.0 1667, 

X Varicorhinus capoeta 247 

Carpio X Carassius auratus auratus 241 

Carpio X Carassius Carassius 241 

Carpio xX carp, Amur 177 

Carpio x Cyprinus carpio haematopterus 177, 254 
gibelio x Cyprinus carpio 398 

gibelio x Scardinius erythrophthalmus 398 
gibelio x Tinca tinca 398 


haematopterus x Cyprinus carpio (European) 866 


Sny= 


1331 


Dace x bleak 1726 


Dace x chub 1726 


Dace x roach 1726 


Dace, blacknose x chub creek 1352 
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Dace, blacknose x dace, longnose 390 

Dace, Carassius xX Carassius 1280 

Dace, longnose x chub river 458 

Dace, longnose x dace, blacknose 326, 443 

Dace northern redbelly x dace finescale 545, 1144 
Dace redbelly x chub creek 1352 

Dace redside x chub creek 545, 1352 

Dace redside x shiner, common 545 

Danio reriog xX Danio analipunctatus? 1159 
Darter? x perch, yellow o 767 

Darter, Johnny x darter, tesselated 390 

Dionda x Erimystax 1042 

Dionda x Extrarius 1042 

Dionda x Hybognathus 1042 

Dionda x Hybopsis 1042 

Dionda x Nocomis 1042 

Dionda x Notemigonus 1042 

Dionda x Notropis 1042 

Dionda x Opsopoedus 1042 

Dionda x Phenacobius 1042 

Dionda x Pimephales 1042 

Dionda x Rhinichthys 1042 

Dionda x Semotilus 1042 

Diptychus dybowski? x Leuciscus schmidtic 1349 
Dlatva x leshch 1193 

Dorosoma cepedianumo x Dorosoma petenense? 1446 


Dorosoma cepedianum x Dorosoma petenense 1446 


398 


Dorosoma petenense®S x Dorosoma cepedianum ? 1446 


Dorosoma petenenses x (Dorosoma cepedianumc x Dorosoma petenense 2)? 
1446 


Dionda nubila x Notropis zonatus 1496 


Se 
Elets x golovy 1193 

Enneacanthus obesus? x Ambloplites rupestrisS 388 
Epiplatys bifasciatus x Epiplatys chevalieri 91 
Epiplatys chaperi x Epiplatys dageti 91 

Epiplatys dageti x Aphyosemion calliurum 91 
Epiplatys dageti x Aphyosemion christyi 91 
Epiplatys dageti x Aphyosemion cognatum 91 
Epiplatys dageti1 x Epiplatys bifasciatus 91 
Epiplatys dageti x Epiplatys chaperi 91 

Epiplatys dageti x Epiplatys fasciolatus 91 
Epiplatys dageti x Epiplatys macrostigma 91 
Epiplatys dageti x Epiplatys grahami 91 

Epiplatys dageti x Epiplatys sexfasciatus 91] 
Epiplatys dageti x Roloffi petersi 91 

Epiplatys fasciolatus x Epiplatys chaperi 91 
Epiplatys sexfasciatus x Epiplatys chaperi 91 
Epiplatys sexfasciatus x Epiplatys chevalieri 91 
Epiplatys sexfasciatus x Epiplatys grahami 91 
Epiplatys sexfasciatus x Epiplatys longiventralis 91 
Eremichthys x Rhinichthys 1042 

Ericymba x Erimystax 1042 


Ericymba x Exoglossum 1042 
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Ericymba 
Ericymba 
Ericymba 
Ericymba 
Ericymba 
Ericymba 
Ericymba 
Ericymba 
Ericymba 
Ericymba 
Ericymba 


Ericymba 


Erimystax x Extrarius 
Erimystax x Hemitremia 
Erimystax 
Erimystax 
Erimystax 


Erimystax 


x 


x 


Erimystax 


Erimystax 


Erimystax 


Erimystax 


Erimystax 


Erimystax 


x 


x Semotilus 


Extrarius 1042 


Hemitremia 1042 
Hybognathus 1042 
Hybopsis 1042 
Nocomis 1042 
Notropis 1042 
Opsopoedus 1042 

Parexoglossum 1042 


Phenacobius 1042 


Pimephales 1042 
Rhinichthys 1042 
Semotilus 1042 
1042 
1042 
Hybognathus 1042 
Hybopsis 1042 
Nocomis 1042 
Notemigonus 1042 
Notropis 1042 
Opsopoedus 1042 
Phenacobius 1042 
Pimephales 1.042 
Rhinichthys 1042 


1042 


Ershch x okony 1193 


Esox americanus x Esox tridecemlineatus 


1704 


Esox americanus americanus x Esox americanus vermiculatus 
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349, 


Esox americanus americanus x Esox niger 1157 

Esox lucium x Esox masquinongy 738 

Esox lucius x Esox americanus 1046 

Esox lucius x Esox masquinongy 498, 1575 

Esox lucius* x Esox masquinongy ° 106 

Esox lucius x Esox niger 479, 498, 1075 

Esox lucius x Fsox reicherti 498, 499 

Esox masquinongy x Esox lucius 498, 499, 1247 

Esox masquinongy? x Esox luciusS 313 

Esox niger x Esox americanus 479, 1157 

Esox niger? x Esox lucius © 1631 

Esox reicherti? x Esox americanus americanus % 482 
Esox reichertico x Esox americanus vermiculatus ? 482 
Esox reicherti x Esox lucius 482 

Esox reichertic' x Esox lucius? 482 

Esox reicherti?x Esox luciuso 482 

(Esox reicherti x Esox lucius) x Esox reicherti 482 
Esox reicherti?x Esox masquinongys 482 

Esox reichertio x Esox masquinongy? 482 

Esox reichertic x Esox niger ? 482 


Etheostoma blennioides newmani x Etheostoma blennioides gutselli 
1071 


Etheostoma camarum x Etheostoma tippecanoe 1807 

Etheostoma chlorobranchium x Etheostoma rufilineatum 1807 
Etheostoma flabellare flabellare x Etheostoma lineolatum 1480 
Etheostoma gracile x Percina maculata 1239 

Etheostoma lepidum 9x Stizostedion vitreumS% 767 


Etheostoma nigrum x Etheostoma olmstedi 1044 
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Etheostoma 
Etheostoma 


Etheostoma 
1424 


Etheostoma 
Etheostoma 
Etheostoma 
Etheostoma 
Etheostoma 


Etheostoma 


nigrum digitale x Etheostoma nigrum maculiceps 611 


nigrum nigrum x Etheostoma nigrum eulepis 545 


olmstedi atromaculatus x Etheostoma olmstedi olmstedi 


radiosum cyanorum x Etheostoma spectabile 736 
spectabile “x Etheostoma caeruleum? 1125 
spectabile x Etheostoma radiosum 539, 542 
spectabile x Percina sciera 736 

spectabile? x Stizostedion vitreums 767 

1238 


squamiceps x Etheostoma kenicott1 1237, 


Etheostoma whipplei x Etheostoma caeruleum 1019 


Eupomotis gibbosus x Heleoperca macrochryps 
Euxiphipops sexstriatus x Euxiphipops xanthometapon 


Exoglossum x Hybognathus 


Exoglossum 
Exoglossum 
Exoglossum 
Exoglossum 
Exoglossum 


Exoglossum 


Exoglossum x Semotilus 


Extrarius x Gila 


Extrarius 
Extrarius 
Extrarius 
Extrarius 
Extrarius 


Extrarius 


x 


x 


1193 

1525 
1042 

1042 


x Margariscus 


x Nocomis 1042 


Notemigonus 1042 


Notropis 1042 


x Pimephales 1042 


x Rhinichthys 1042 
1042 

1042 

Hybognathus 1042 
Hybopsis 1042 
Macrhybopsis 1042 
Nocomis 1042 
Notemigonus 1042 


Notropis 1042 
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Extrarius x Opsopoedus 1042 
Extrarius x Phenacobius 1042 
Extrarius x Pimephales 1042 
Extrarius x Platygobio 1042 
Extrarius x Rhinichthys 1042 


Extrarius x Semotilus 1042 


-F= 
FL x Salvelinus fontinalis 859 
Flier x crappie, white 1480 
Floundere x dabo’ 1331 
Flounder x halibut 1299 
Flounder x plaice 1298, 1299, 1368, 
Flounder? x plaicee 1331 
Flounder « x plaice? 1300 
Flounder x sole, lemon 1299 
Funa x Acheilognathus moriokae 782 
Funa x carp 1204, 1224 
Funa? x carp 691, 1224, 1543 
(Funa x carp) x funa 691 
(Funa x carp) x carp 1224, 1543 
Funa x carp, koibuna 782 
Funa x Cyprinus carpio 131 
Funa x goldfish 131, 1543 


Funa? x loacho 8:73 


1514 


Funa x Misgurnus anguillicaudatus 131 


Funa x Pseudorasbora parva 782 
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Funa x Tinca tinca 


782 


Funa x ryukin 1543 


Fundulus 
Fundulus 
Fundulus 


Fundulus 


x Adinia 528 

x Ctenolabrus 873, 1193, 1431 
x Lucania 528 

x) Menidia. (514, 1515; P57 


Fundulus? x Menidia &% 1516 


Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


93), 


Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


x Prionotus 873 


catenatus 2x Fundulus grandis% 528 
catenatus? x Fundulus olivaceus & 528 
catenatus9@ x Fundulus zebrinus zebrinus o 528 
catenatus 9X Lucania parva ¢ 528 
chrysotus ? x Fundulus confluentus &% 528 
chrysotus? x Fundulus grandis 528 
chrysotus? x Fundulus zebrinus kansae ¢ 528 
confluentus? x Fundulus grandis o 528 
diaphanus x Fundulus heteroclitus 415, 691 
diaphanuso x Fundulus heteroclitus 9? 596 

diaphanus diaphanus x Fundulus heteroclitus 333 


diaphanus diaphanus x Fundulus heteroclitus macrolepidotus 
1424 

diaphanus diaphanus x Fundulus zebrinus zebrinus 94 
grandis? x Cyprinodon variegatus o 528 

grandis? x Lucania parva o 528 
grandis? x Fundulus confluentus ¢o 528 
grandis? x Fundulus pulvereus co 528 
grandis? x Fundulus similis & 528 


grandis? x Fundulus xenicus o 528 


Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


grandis? x Fundulus zebrinus kansaeS 528 
grandis? x Fundulus zebrinus zebrinus ¢ 528 
heteroclitus? x Cynoscion regalis o 1744 
heteroclitus x Fundulus diaphanus 414, 415 
heteroclitus «x Fundulus diaphanus 2 596 
heteroclitus? x Fundulus luciaes 378 
heteroclitus x Fundulus majalis 414, 691 
heteroclitus? x Fundulus majalisc 412 
heteroclitus x Menidia notata 1193 
heteroclitus x Tautogolabrus adspersus 1431 
kansae x Fundulus sciadicus 1193 

kansae x Fundulus zebrinus 94 

luciae? x Fundulus heteroclitusc 378 
majalis x Fundulus heteroclitus 1510 
majalis? x Fundulus heteroclitusc 412, 1193 
notatus x Fundulus olivaceus 302 

notatuso x Fundulus olivaceus 9? 484 
notatus@ x Fundulus olivaceus ¢ 528 
notatus9? x Fundulus zebrinus zebrinusc 528 
notti9gx Fundulus olivaceuso 528 

notti? x Fundulus zebrinus kansaes* 528 
notti?x Fundulus zebrinus zebrinusS% 528 
olivaceus x Fundulus notatus 677 
olivaceus “x Fundulus notatus 2? 484 
olivaceus? x Fundulus notatus® 528 
olivaceus? x Fundulus pulvereus “ 528 


olivaceus? x Fundulus zebrinus zebrinus “ 528 
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Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


parvipinnis? x Salmo gairdneric 491 


pulvereus 2 x Fundulus confluentus “ 528 


pulvereus 2 x Fundulus grandis * 528 


pulvereus ° x Fundulus olivaceus o 528 


pulvereus 2? x Fundulus zebrinus kansae o« 528 


pulvereus ? x Fundulus 


similis? 
similis9 
similis 9° 
similis? 


similis? 


x 


x 


x 


x 


x 


similis?x 


similis? x 


SMELLS O0x 


thierryl 
xenicus ? 
xenicus 9 
xenicus 9 
Xenicus Q 
xenicus 9? 
zebrinus 
zebrinus 
zebrinus 
zebrinus 
zebrinus 
zebrinus 
zebrinus 


zebrinus 


x 


x 


x 


> 4 


x 


x 


Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


zebrinus zebrinus® 528 


grandisS% 528 


notatus SS 528 


nottic 


528 


olivaceus “ 528 


pulvereus &* 528 


xenicus & 528 


zebrinus kansae oo 528 


zebrinus zebrinus & 528 


Aphyosemion arnoldic 91 


Cyprinodon variegatusc% 528 


Fundulus confluentus & 


Fundulus grandis 


528 


528 


Lucania parvac 528 


Fundulus zebrinus Kansaec 528 


kansae? x 


kansae? x 


Kansae? x 


kansaeQ x 


kansaeQ X 


kansae 9 X 


zebrinus 9 


Fundulus 
Fundulus 
Fundulus 
Fundulus 
Fundulus 


Fundulus 


chrysotus % 528 
confluentusS 528 
grandis & 528 
olivaceus< 528 
xenicus « 528 


zebrinus zebrinus ~ 528 


x Fundulus grandis & 528 


zebrinus 9 x Fundulus olivaceus « 528 
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Fundulus zebrinus zebrinus ? x Fundulus pulvereusS 528 


Fundulus zebrinus zebrinus? x Fundulus zebrinus kansaeS 528 


Gadus macrocephalus x Oncorhynchus keta 


ee 


1466 


Gadus macrocephalusc x Oncorhynchus keta? 491 


Gadus morrhua x Pleuronectes flesus 688 

Gambusia affinis x GambuSia aurata 1101 

Gambusia affinis x Gambusia heterochir 618, 1101, 1193 

Gambusia affinis x Gambusia rhizophorae 618 

Gambusia affinis affinis? x Gambusia affinis holbrookic 303 

Gambusia affinis holbrooki? x Gambusia affinis affinis ¢ 303 

Gambusia heterochir x Gambusia affinis 90 

Gambusia marshi? x Gambusia affinis affinis© 1104 

Gambusia punctata x Gambusia rhizophorae 618 

Gambusia rhizophorae x Gambusia affinis 618 

Gardonus rutilus x Blicca bjoerkna 1359 

Gardonus rutilus x Brama brama 1359 

Gasterosteus aculeatus? x Gasterosteus wheatlandi ¢ 1361 

Gasterosteus aculeatus x Pungitius pungitius 1777 

Gasterosteus aculeatus? x Pungitius pungitius % 1176 

Gasterosteus aculeatus leuirus x Gasterosteus aculeatus trachurus 
LS hOre Lad i. 


Gasterosteus aculeatus microcephalus ° x Gasterosteus aculeatus 
williamsoniS 1355 


Gasterosteus aculeatus trachurus x Gasterosteus aculeatus leuirus 
aL y/a/a/ 


Gasterosteus aculeatus-red x Gasterosteus aculeatus-black 1590 
Gasterosteus aculeatus williamsoni? x Gasterosteus aculeatus 


microcephalus ¢% 1355 


407 


Gasterosteus lJeuris x Gasterosteus trachurus 685, 686 
Gasterosteus sp. xX Gasterosteus aculeatus 278 
Gasterosteus trachiurus x Gasterosteus lJeiurus 1156 
Gasterosteus wheatlandi? x Gasterosteus aculeatuso& 1361 


Gengoro? x kin-buna <& 1543 


Genotype 


38 At Sc?x 1765-11 Cam Cbc 816 
38 At Sc?x 1765-13 Cho 816 
1765-1+°x unknown & 816 

1765-2+2x unknown & 816 

1765-3+2x unknown & 816 

1797-1+9x 1765-11 Cam Cb 816 
1800-1+92x 1800-12 Cb “816 
1889b-1 Cb+2x 1860-11 At Sc 816 
1889b-2 Cam Cb+@x 1962-11+ °° 816 
1889b-4+°x 1889a-1l1 At Sc 816 
2043-1 Sc Cb+?@x 2088-12 Cam Cb “816 
2043-2 Cb+2x 2085-13 Cam Cb 816 
2043-3+2x 2096-11 Ato 816 
2085-1 Cb+@x 1889a-1l1l At Sco 816 
2085-3+9x 2085-14+<0 816 

2096-1 At+?x 2085-11 Cb 816 
2096-2 Cam+?x 2085-11 Cbo 816 
2096-3+2x 2043-11 Sc Cbho 816 
2202-12x 2214-12 Cb 816 


Geophagus brasiliensiso x Cichlasoma nigrofasciatum? 966 
Gibelio x carp 835 

Gila x Hesperoleucas 1042 
Gila x Iotichthys 1042 
Gila x Lavinia 1042 

Gila x Lepidomeda 1042 
Gila x Meda 1042 

Gila x Moapa 1042 

Gila x Mylocheilus 1042 
Gila x Mylopharodon 1042 
Gila x Notemigonus 1042 
Gila x Notropis 1042 


Gila x Orthodon 1042 
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Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 
Gila 


Gila 


Pimephales 1042 


ra 


Plagopterus 1042 


4 


Platygobio 1042 


ta 


x Pogonichthys 1042 

x Ptychocheilus 1042 

bicolor x Rhinichthys osculus 1496 
bicolor x Richardsonius egregius 1496 
crassicauda x Lavinia exilicauda 1496 
elegans x Gila cypha 1105 

mohavensis x Gila orcutti 90, 928, 1511 
nigrescens x Rhinichthys cataractae 1496 
orcutti x Gila mohavensis 664 

orcutti x Hesperoleucus symmetricus 1212 
orcutti x Hesperoleucus symmetricus subditis 
orcuttii x Siphateles mohavensis 1193 
robusta grahami x Campostoma ornatum pricel 
robusta robusta x Gila elegans 1105 


robusta robusta x Gila intermedia 1105 


Ginbuna ? x kinbuna<c 880 


Gnathopogon x Pseudogobio 1545 


Gnathopogon elongatus x Gnathopogon biwae 1554 


Gnathopogon elongatus x Pseudorasbora parva 1543 


Gnathopogon elongatus x Peudogobio esocinus 1543, 


Gnathopogon elongatus x Pseudogobius esocinus 1549 


663, 664 


OS 


1554 


Gnathopogon 
Gnathopogon 
Gnathopogon 


Gnathopogon 


elongatus 
elongatus 
elongatus 


elongatus 


elongatus « x Gnathopogon japonicus ? 405 
elongatus 4 xX Pseudorasbora parva? 405 
elongatus x Pseudogobio esocinus 1549 
elongatus 9 x Pseudogobio esocinuss* 1545 
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Gobio gobio x Abramis brama_ 1193 


Gobio gobio x Carassius Carassius 1369, 1370 


Gobio gobio x Chondrostoma nasus 1193, 1369, 1370 


Gobio gobio x Gobio albipennatus 919 


Gobio gobio x Leuciscus cephalus 1193, 1370 


Gobio gobio x Rutilus rutilus 1369, 1370 


Gobio gobio x Scardinius erythrophthalmus 


TL93 


Gobio gobio sarmaticus x Gobio kessleri 1341 


Gobio kessleri x Gobio gobio 919 


Gobius jozo x Gobius capito 1193 


Gobius melanostomus x Gobius fluviatilis 1274 


Gobius paganellus x Gobius cobitis 1275 
Goldfish x bass, white 1513 

Golidftishwx, Carpre.1315,.0229),, 709), 1413). 1425; 
Goldfish x carp grass 1516 

Goldfish x carp, grass 51:3 

(Goldfish x carp) x goldfish 1413 
Goldfish x Cyprinus carpio 131 

Goldfish x Gnathopogon elongatus elongatus 
Goldfish x loach 1168 

Goldfish x Rhodeus sinensis 131 

Goldfish x tamoroko 1543 

Goldgiebel x nuduskarpfen 131 

Gorbuscha x akula 1062 

Gorbuscha x osetr 1062 


Gostera x cazan 1193 
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1480 


L3a 


Gostera x krasnoperka 1193, 1302 
Gostera x leshch 1193, 1302 

Gostera x liny 1193 

Gostera x okleya 1302 

Gourami, green x gourami, pink 760 
Gourami, green? x gourami, pinko 562 
Gourami, pink x gourami, green 760 
Grilse? x trout, seach 1272 

Grilse? x (grilse? x trout, seac)o 1272 
(Grilse x trout, sea) x salmon 1272 
(Grilse x trout, sea) x trout, sea 1272 
Guppy, gold x guppy, blond 1261 

Guppy, wWild9o x guppy, goldo 1261 
Gwiniad x trout 1363, 1364 


Gymnocephalus cernua x Gymnocephalus baloni 744 


nae eS 
Hadropterus maculatus x Percina caprodes 1760 

Hadropterus sciarus x Percina caprodes 528 

Helioperca x Apomotis 1070 

Helioperca x Xenotis 1070 

Hemichromis fasciatus Byx Aequidens rivulatus? 966 
Hemiculter eigenmanni? x Aristichthys nobilis% 996 
Hemiculter eigenmanni? x Cyprinus carpio 996 

Hemiculter eigenmanni? x Hypophthalmichthys molitrixS 996 
Hemigrammus serpae x Macropodus sweglesi 118 

Hemitremia x Hybopsis 1042 


Hemitremia x Nocomis 1042 
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Hemitremia x Notemigonus 1042 


Hemitremia x Notropis 1042 


Hemitremia x Phenacobius 1042 


Hemitremia x Pimephales 1042 


Hemitremia x Rhinichthys 1042 


Hemitremia x Semotilus 1042 


Herring, 


lake x bloater 390 


Hesperoleucas x Lavinia 1042 


Hesperoleucas x Mylopharodon 1042 


Hesperoleucas x Notemigonus 1042 


Hesperoleucas x Orthodon 1042 


Hesperoleucas x Pogonichthys 1042 


Hesperoleucas x Ptychocheilus 1042 


Hesperoleucas x Rhinichthys 1042 


Hesperoleucus symmetricus x Gila orcutti 665 


Hesperoleucus 


symmetricus subditis? x Gila orcuttic 


Heterandria formosa x Poecilia lebistes-reticulata 


Hime-masu ? xX biwa-masu o 1543 


Hime-masu x kawa-masu 1543 


Hime-masu? x yamameo 1543 


Hine masu x salmon chum 1789 


Hitch x 
Hitch x 
Hitch x 


Hitch x 


blackfish 1147 
chub thicktail 356 
roach California 1147 


roach Monterey eastern 356 


Holacanthus bermudensis x Holacanthus ciliaris 


Holacanthus ciliaris x Holacanthus bermudensis 


412 


568 


84 


664 


IAS 


Holacanthus ciliaris x Holacanthus isabelita 1304 

Holacanthus isabelita x Holacanthus ciliaris 219 

Hotoke-dojo x madojo 1543 

Huso? x Acipenserc 406 

Huso huso x Acipenser (Euacipenser) ruthenus 185 

Huso huso x Acipenser guldenstadti 1191, 1193, 1698 

Huso huso x Acipenser guldenstaedti colchicus 241 

Huso huso x Acipenser nudiventris 241, 1191, 1193, 1197, 1698 

Huso huso x Acipenser ruthenus 196, 215, 372, 610, 1018, 1057, 
MOV NOZF SSS e977 dosh S46 

Huso huso x Acipenser ruthenus ruthenus 241 

Huso huso9 x (Acipenser ruthenus? x Huso husod)c% 254 

Huso huso x (Acipenser ruthenus x (Acipenser ruthenus x Acipenser 
stellatus))) (1193 

Huso huso x (Huso huso x Acipenser ruthenus) 1192 

(Huso huso x Acipenser ruthenus) x Acipenser ruthenus 1018 

(Huso huso x Acipenser ruthenus) x Huso huso 1018, 1198 

Huso huso x Acipenser stellate 1119 

Huso huso x Acipenser stellatus 1191, 1193, 1197, 1698 

Huso huso x Acipenser stellatus stellatus 241 

Huso dauricus x Acipenser schrenki 1191 

Hybognathus x Hybopsis 1042 

Hybognathus x Macrhybopsis 1042 

Hybognathus x Margariscus 1042 

Hybognathus x Nocomis 1042 

Hybognathus x Notemigonus 1042 

Hybognathus x Notropis 1042 

Hybognathus x Opsopoedus 1042 
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Hybognathus x Phenacobius 1042 


Hybognathus x Pimephales 1042 


Hybognathus x Platygobio 1042 


Hybognathus x Rhini 


chthys 1042 


Hybognathus x Semotilus 1042 


Hybognathus hankinsoni x Notropis heterolepis 1496 


Hybopsis x Macrhybopsis 1042 


Hybopsis x Nocomis 


1042 


Hybopsis x Notemigonus 1042 


Hybopsis x Notropis 


1042 


Hybopsis xX Opsopoedus 1042 


Hybopsis x Parexog1 


ossum 1042 


Hybopsis x Phenacobius 1042 


Hybopsis x Pimephal 


es (H042 


Hybopsis x Platygobio 1042 


Hybopsis x Rhinichthys 1042 


Hybopsis x Semotilus 1042 


Hybopsis gracilis gracilis x Hybopsis gracilis gulonella 1225 


Hybopsis plumbea x 
Hybrid x sazan 8:53 
Hypophthalmichthys 
Hypophthalmichthys 
Hypophthalmichthys 
Hypophthalmichthys 
Hypophthalmichthys 
Hypophthalmichthys 


Hypophthalmichthys 


Rhinichthys cataractae 1170 


molitrix x Aristichthys nobilis 139, 1646 
molitrixoa x Aristichthys nobilis? 1565 
molitrix? x Aristichthys nobilisc 728 
molitrix? x carpo 998 

molitrix x Catla. catia) M1395%728 
molitrix dx Catla catla 21565 


molitrix x Ctenopharyngodon idella 1007, 1645 
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Hypophthalmichthys molitrix? x Cyprinus carpio o 355 


Hypophthalmichthys molitrix x (Cyprinus carpio x Hypophthalmichthys 
molitrix) 264 


Hypophthalmichthys molitrixo x Labeo calbasu ? 53 
Hypophthalmichthys molitrix x Labeo rohita 728 
Hypophthalmichthys molitrixo x Labeo rohita? 1565 
Hypophthalmichthys molitrix? x Megalobrama terminalis % 728 
Hypophthalmichthys molitrix x Parabramis pekenensis 1369, 1370 
Hypophthalmichthys molitrix? x Parabramis pekinensiso& 728 
Hypophthalmichthys molitrix x Labeo rohita 139 


Hyporhamphus australis x Hyporhamphus melanochir 452 


Hes 
Ichthyomyzon castaneus x Ichthyomyzon fossor 1270 
Ichthyomyzon castaneus x Ichthyomyzon unicuspis 1270, 1480 
Ichthyomyzon castaneus x Lampetra lamottenii 1270 
Ichthyomyzon castaneus x Petromyzon marinus 1270 
Ichthyomyzon fossor x Ichthyomyzon castaneus 1270 
Ichthyomyzon fossor x Ichthyomyzon unicuspis 1270 
Ichthyomyzon fossor x Lampetra lamottenii 1270 
Ichthyomyzon fossor x Petromyzon marinus 1270 
Ichthyomyzon unicuspis x Ichthyomyzon castaneus 1270 
Ichthyomyzon unicuspis x Ichthyomyzon fossor 1270 
Ichthyomyzon unicuspis x Lampetra lamottenii 1270 
Ichthyomyzon unicuspis x Petromyzon marinus 1270 
Ictalurus catus x Ictalurus punctatus 1119 
Ictalurus catus ox catfish, channel ? 1794 


Ictalurus furcatus x Ictalurus punctatus 495, 1076, 1531 
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Ictalurus furcatuso x Ictalurus punctatus@ 1794 


(Ictalurus furcatus x Ictalurus punctatus) x Ictalurus furcatus 
5S Si! 


(Ictalurus furcatus x Ictalurus punctatus) x Ictalurus punctatus 
TS Se 


((Ictalurus furcatus x Ictalurus punctatus) x Ictalurus furcatus) x 
Ictalurus furcatus 1531 


((Ictalurus furcatus x Ictalurus punctatus) x Ictalurus punctatus) x 
Ictalurus punctatus 1531 


Ictalurus melas x Ictalurus nebulosus 1076 
Ictalurus nebulosus x Ictalurus melas 741 
Ictalurus punctatus x catfish, blue 1424 
Ictalurus punctatus x catfish, flathead 1424 
Ictalurus punctatus x catfish, white 1424 
Ictalurus punctatus x Ictalurus furcatus 799 
Ictalurus punctatus x Pylodictis olivaris 1424 
Ictiobus bubalus x Ictiobus cyprinellus 799 
Ictiobus bubalus9 x Ictiobus cyprinellus 3 728 
Ictiobus cyprinellus x Ictiobus bubalus 1105 
Ictiobus cyprinellus x Ictiobus niger 141, 1105, 1755 
Ictiobus niger x Ictiobus bubalus 799, 938a 
Ictiobus niger? x Ictiobus bubalusS% 728 

Ictiobus niger x Ictiobus cyprinellus 799 
Ictiobus niger? x Ictiobus cyprinelluso% 254, 728 
Ictiobus nigero x Ictiobus cyprinellus 2 337 
Inconnu x Coregonus autumnalis 147 

Inconnu x Coregonus muskKsun 147 

Inconnu x whitefish 147 


Inconnu x whitefish humpback 147 
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Iotichthys x Rhinichthys 1042 
Iotichthys x Richardsonius 1042 
Iwana? x kawa-masu ° 1543 


Iwana xX yamame 1543 


tie 
Jordanella floridae x Cyprinodon pecosensis 449 


Jordanella floridae x Cyprinodon rubrofluviatilis 


-K- 
Karash x golovy 1193 
Karash x gostera 1193 
Karash x (karash x kazan) 1193 
Karash x kazan 1193 
(Karash x Kazan) x karp, erkalyny 1193 
Karash x krasnoperka 1193 
Karash x leshch 1193 
Karash x leskary 1193 
Karash x liny 1193 
Karash x plotva 1193 
Karash x rybets 1193 
Karp, x karash 12193 
Karp, x karosy 1193 
Karp, x liny 1193 
Kawachi-buna ° x carp o« 1543 
Kawa-masu9 X iwanac 1543 
Killifish, banded x mummichog 511 


Killifish, plains x topminnow, plains 1144 
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449 


Koritsa x cherepakha 1062 
Koritsa x baran 1062 


Koritsa x bik 1062 


Kosswigichthys x Anatolichthys splendens 1669 


Kosswigichthys x Anatolichthys transgrediens 
Kosswigichthys x Aphanius cypris 1669 
Kosswigichthys x Aphanius dispar richardsoni 
Kosswigichthys x Aphanius iberus 1669 
Kosswigichthys x Burdur 1669 

Krashoperka x gosteva 1201 

(Krashoperka x gosteva) x krashoperka 1201 
Krasnoperka x cazan 1193 

Krasnoperka x gostera 1193 

Krasnoperka x (krasnoperka x gostera) 1193 
Krasnoperka x leshch 1193 

Krasnoperka x liny 1193 

Krasnoperka x okley 1193 

Krasnoperka x okleya 1193 

Krasnoperka x schchoka 1193 

(Krasnoperka x gostera) x gostera 1193 
(Krasnoperka x gostera) x krasnoperka 1193 
(Krasnoperka x gostera) x leshch 1193 


(Krasnoperka x gostera) x plotva 1193 


lee 
Labeo batac x Labeo calbasu 9? 402, 405, 728 
Labeo batacx Labeo rohita@? 402, 405, 728 


Labeo bata? x Labeo rohitac 1467 
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1669 


1669 


Labeo calbasu x Catla catla 408 

Labeo calbasu x Hypophthalmichthys molitrix 694 
Labeo calbasu x Hypophthalmichthys molitrix 1467 
Labeo calbasu x Labeo gonius 405, 728 

Labeo calbasu x Labeo rohita 907, 1467, 1468 
Labeo calbasu x Labeo rohita 402, 405, 728 
Labeo calbasu x (mrigal x calbasu ) 405 

Labeo calbasu x (mrigal x kalbasu ) 798 
Labeo fimbriatus x Cyprinus carpio 694 

Labeo pongusia x Labeo rohita 405 

Labeo rohita x Aristichthys nobilis 139, 728 
Labeo rohita xX carp U3 72 

Labeo rohita x Catla catla 694 

Labeo rohita x Catia catla 53 

Labeo rohita x Cirrhina mrigala 402, 405, 728 
Labeo rohita x Cirrhinus mrigala 798 

Labeo rohita x Ctenopharyngodon idella 728 
Labeo rohita x Ctenopharyngodon idellus 139 
Labeo rohita x Ctenopharyngodon idellus 1565 
Labeo rohita x Cyprinus carpio 138, 405 

Labeo rohita x Labeo bata 1467 

Labeo rohita x Labeo bata 53 

Labeo rohita x Labeo calbasu 728 

Labeo rohita x Labeo calbasu 907), 1467 

Labeo rohita x Labeo calbasu 53), 402) 404, 405, 728 


(Labeo rohita x Labeo calbasu) x (Labeo rohita x Labeo calbasu) 
404 
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(Labeo rohita x Labeo calbasu) x (Labeo rohita x Labeo calbasu) 


605 


728 
Labeo rosae x Labeo rubropunctatus 
Labeo ruddi x Labeo molybdinus 605 
Labeo 


Labeo umbratus x Labeo capensis 


Labeotropheus trewavasae x Labeotropheus fuelleborni 


tropheus fuellebornic' x Sarotherodon mossambicus ? 981 


605 


966 


Labeotropheus trewavasaeo xX Labeotropheus fuelleborni 9? 966 


Labrus rupestris x Gadus morrhua 1193 

Lampetra fluviatilis x Lampetra planeri 559, 700 
Lampetra lamottenii x Ichthyomyzon castaneus 1270 
Lampetra lamottenii x Ichthyomyzon fossor 1270 
Lampetra lamottenii x Ichthyomyzon unicuspis 1270 
Lampetra lamottenii x Petromyzon marinus 1270 
Lavinia x Hesperoleucus 206 

Lavinia x Mylopharodon 1042 

Lavinia x Notemigonus 1042 

Lavinia x Orthodon 1042 

Lavinia x Pogonichthys 1042 

Lavinia x Ptychocheilus 1042 

Lavinia xX Rhinichthys 1042 


Laxoring x backroding 172 


Lebistes x Mollienesia 1661 


Lepidomeda x Plagopterus 1042 
Lepidomeda x Ptychocheilus 1042 
Lepidomeda x Rhinichthys 1042 
Lepomis 9 x Chaenobrytthus o 1083, 


Lepomis x Chaenobryttus 860 
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1084 


Lepomis 9 X Micropterus & 1083, 1084 


Lepomis 2 X Pomoxis os 1083, 1084 


Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 


Lepomis 


1166, 


Lepomis 
Lepomis 


Lepomis 


sp. x Lepomis sp. 563 


sp. X species 807, 929a 


auritus x Lepomis cyanellus 224 
auritus x Lepomis gibbosus 224 


auritus x Lepomis macrochirus 203, 224, 490 
auritusY x Lepomis macrochirus ¢ 388 
auritus9? x Lepomis microlophus <« 388 
auritus x Lepomis microlophus microlophus 224 


cyanellus x Chaenobryttus gulosus 1009, 1010 
cyanellus9 x Lepomis auritus % 388 
cyanellus-normalo x Lepomis cyanellus-gold? 532 
cyanellus x Lepomis gibbosus 224 
cyanellus? x Lepomis gibbosus co 388 
cyanellus 9 x Lepomis gulosus & 388 
cyenallus x Lepomis humilis 224 


cyanellus x Lepomis macrochirus 224, 1009, 1010, 1092, 


IO Gy gl 519 
cyanellus9 x Lepomis macrochirus % 388 
cyanelluso x Lepomis macrochirus ¢ 955 


cyanellus? x (Lepomis macrochirus? x Lepomis auritusd)o 


388 


Lepomis 
Lepomis 
Lepomis 
Lepomis 


Lepomis 


cyanellus 2? x Lepomis megalotisS 388 


cyanellus x Lepomis megalotis breviceps 224 
cyanellus x Lepomis megalotis megalotis 224 
cyanellus x Lepomis megalotis peltastes 224 
cyanellus x Lepomis microlophus 199, 783, 1009, 1010 
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Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 
Lepomis 


Lepomis 


cyanellus? x Lepomis microlophus ¢ 388 
cyanellus x Micropterus salmoides 400 
cyanelluso x Micropterus salmoides 2? 1738, 1739 
gibbosus ° x Lepomis auritus o 388 

gibbosus 9 x Lepomis cyanellus ¢ 388 

gibbosus 9 x Lepomis gulosus 3 388 

gibbosus x Lepomis humilis 224 
gibbosus x Lepomis macrochirus 224, 728 
gibbosus 9 x Lepomis macrochirus & 388 
gibbosus 2 x Lepomis megalotis % 388 
gibbosus x Lepomis megalotis peltastes 224 
gulosus? x Ambloplites rupestris “ 388 
gulosus x Lepomis cyanellus 205 
gulosus 9 xX Lepomis cyanellus & 388 
gulosus x Lepomis macrochirus 205 
gulosus° x Lepomis macrochirus & 388 
gulosus? x Lepomis microlophus ° 388, 1738 


gulosus x Micropterus salmoides 201, 205 
gulosus? x Micropterus salmoides o 388, 714 
gulosus 9? xX Pomoxis nigromaculatus & 388 
humiliso x Lepomis cyanellus? 388 
224, 


humilis x Lepomis macrochirus 673 


humilis x Lepomis megalotis 224 


macrochirus 2 x Ambloplites rupestrisco 388 


macrochirus x Chaenobryttus cyanellus 1105 
macrochirus x Chaenobryttis gulosus 1111 
macrochirus x Chaenobryttus gulosus 1009, 1010, 
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1105 


Lepomis macrochirus x Lepomis auritus 388 

Lepomis macrochirus x Lepomis cyaneillus 1009, 1092, 1737 
Lepomis macrochirus? x Lepomis cyanellus 3 388 

Lepomis macrochirus? x Lepomis gibbosus o 388 

Lepomis macrochirus? x Lepomis gulosus< 388 

Lepomis macrochirus x Lepomis gulosus 388, 702 


Lepomis macrochirus? x (Lepomis macrochirus? x Lepomis auritusc)¢ 
388 


Lepomis macrochirus x Lepomis megalotis 1729 

Lepomis macrochirus x Lepomis megalotis aquilensis 224 
Lepomis macrochirus x Lepomis megalotis breviceps 224 
Lepomis macrochirus x Lepomis megalotis megalotis 224 
Lepomis macrochirus x Lepomis megalotis peltastes 224 


Lepomis macrochirus x Lepomis microlophus 202, 205, 388, 490, 
OOS SOS senor ny 2al: 


Lepomis macrochirus 2? x Lepomis microlophus < 388, 1742 
Lepomis macrochirus x Lepomis microlophus coccorus 224 


(Lepomis macrochirus x Lepomis microlophus) x Lepomis macrochirus 
72a 


(Lepomis macrochirus x Lepomis microlophus) x Lepomis microlophus 
IL AAAL 


Lepomis macrochirus macrochirus x Lepomis macrochirus purpurescens 
204 


Lepomis macrochirus purpurescens x Lepomis macrochirus macrochirus 
AOL 203 


Lepomis macrochirus ?x Micropterus salmoides « 388, 714 
Lepomis macrochirus ? x Pomoxis nigromaculatus o 388 
Lepomis megalophus<% x Lepomis cyanellus ? 64 

Lepomis megalotis? x Lepomis cyanellus °% 388 


Lepomis megalotis? x Lepomis gibbosusc% 388 
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Lepomis microlophus x Chaenobryttus cyanellus 1105 

Lepomis microlophus x Chaenobryttus gulosus 1009, 1010, 1105 
Lepomis microlophus 2? x Lepomis auritus o& 388 

Lepomis microlophus x Lepomis cyanellus 715, 955, 1009 
Lepomis microlophus 9? x Lepomis cyanellus ¢ 388 

Lepomis microlophus « x Lepomis cyanellus ? 171, 955 

Lepomis microlophus x Lepomis gulosus' 1737 

Lepomis microlophus 2? x Lepomis gulosus o& 1738 


Lepomis microlophus x Lepomis macrochirus 388, 400, 696, 1009, 
TOROS 720 


Lepomis microlophus ? x Lepomis macrochirus ¢ 388, 1545 
Lepomis microlophus «x Lepomis macrochirus ? 1735 


Lepomis microlophus 9? x (Lepomis macrochirus? x Lepomis microlophusc)¢d 
388 


Lepomis microlophus x (Lepomis microlophus x Lepomis cyanellus) 
955 


(Lepomis microlophus x Lepomis macrochirus) x Lepomis macrochirus 
1720 


(Lepomis microlophus x Lepomis macrochirus) x Lepomis microlophus 
1720 


Leshch x cazan 1193 

Leshch x liny 1193 

Leskary x golovy 1193 

Leskary x Krasnoperka 1193 

Leskary x leshch 1193 

Leskary x lodost 1193 

Leucaspius delineatus x Alburnus alburnus 290 
Leucaspius delineatusc x Alburnus leydigii? 869 
Leucaspius delineatus x Leuciscus rutilus 8:69 


Leucichthys “x Coregonus? 608 
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Leucichthys o« x Prosopium ? 608 


Leucidius 
Leuciscus 
Leuciscus 


Leuciscus 
1726 


Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 
Leuciscus 


Leuciscus 


pectinifer x Gila bicolor 768 


x Abramis 


bergi x Schizothorax pseudaksaiensis issykhuli 


cephalus x Alburnus alburnus 


cephalus 
cephalus 
cephalus 
cephalus 
cephalus 


cephalus 


x 


x 


289 


Chondrostoma nasus 


2907 


290 


Chondrostoma toxostoma 


Leucaspius delineatus 


Leuciscus leuciscus 


Rutilus rutilus 


Scardinius erythrophthalmus 


k2 


L726;, 


P2527 550253), 
1253 
290 
53 
27. 
Ze, 


cephalus? x Vimba vimba vimba “ 1674 


cephalus cephalus x Alburnus alburnus alburnus 
idus x Aspius aspius 
idus x Cyprinus carpio 


idus x Rutilus rutilus 


290), 


471 


TZ5 25,7 


13.26 


Seley 


1698 


idus 2? x Rutilus rutilus carpathornicus & 471 


idus x Scardinius erythrophthalmus 


leuciscus x Alburnus alburnus 


leuciscus 
leuciscus 
leuciscus 
rutilus x 
rutilus x 
rutilus x 


rutilus 


x Leuciscus cephalus 


x Leuciscus idus 


xX Scardinius erythrophthalmus 


Abramis brama 
Abramis melanops 


Blicca bjoerkna 


schmidti x Cyprinus carpio 
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25 
Na 


U252 


961 


96 


961 


1370 


V252 752k 326 
2, @0253 
937, 2535, 
1253 


x Scardinius erythrocephalus 


961 


13:70 


13595, 
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Leuciscus schmidti x Diptychus dybowskii 1193 
Leuciscus schmidti x Diptychus dybowski 1349 
Leuciscus souffia x Chondrostoma nasus 290 
Leuresthes sardina x Leuresthes tenuis UU27. 
Leuresthes tenuis x Leuresthes sardina N27; 
Leuresthes tenuis x Salmo gairdneri 491 
Limanda limanda x flounder 1299 

Limia x Lebistes 1403 

Limia x Mollienesia 1403 

Limia caudofasciata x Limia nigrofasciata 327 
Limia caudofasciata x Limia vittata 327 

Limia nigrofasciata x Limia caudofasciata 327 
Limia nigrofasciata x Limia vittata 327, 1193 
Limia vittata x Limia caudofasciata 327, 1193 
Limia vittata x Limia nigrofasciata 327 

Limia vittata x Poecilia lebistes (reticulata) 1261 
Liny x golovy 1193 

Liny x krasnoperka 1193 

Loach x Acanthophthalmus kuhlii 320 

Loach x Barbus tetrazona 320 

Loach x Brachydanio rerio 320 

Loach x funa 873 

Loach x goldfish 1168, 1596 

Loach x goldfish 1169 

Loach x Rasbora heteromorpha 320 

Lota marmorata x Salmo trutta 1466 


Lucania goodei x Lucania parva 1523 
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Lucania parva? x Fundulus grandis 528 
Lucioperca lucioperca x Abramis brama_ 1349 


Ludoga ludoga x Ludoga ripus 8:89 


-M-=- 
Macrhybopsis x Nocomis 1042 
Macrhybopsis x Notemigonus 1042 
Macrhybopsis x Notropis 1042 
Macrhybopsis x Opsopoedus 1042 
Macrhybopsis x Phenacobius 1042 
Macrhybopsis x Pimephales 1042 
Macrhybopsis x Platygobio 1042 
Macrhybopsis x Rhinichthys 1042 
Macrhybopsis x Semotilus 1042 
Macropodus chinensis x Macropodus viridiauratus 691 
Macropodus chinensis x paradise fish 1543 
Macropodus virideauratus ¢ xX Macropodus chinensis? 1701 
Madojo x hotoke-dojo 1543 
Madojo? x shima-dojo <& 1543 
Margariscus x Nocomis 1042 
Margariscus x Notemigonus 1042 
Margariscus x Notropis 1042 
Margariscus x Pimephales 1042 
Margariscus x Rhinichthys 1042 
Margariscus x Semotilus 1042 
Meda x Plagopterus 1042 
Meda x Ptychocheilus 1042 


Meda x Rhinichthys 1042 
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Meda x Tiaroga 1042 

Megalobrama affinis x Megalobrama terminalis 242 
Megupsilon x Cyprinodon 679 

Megupsilonc x Cyprinodon alvarezi9 679 
(Megupsilon x Cyprinodon) x Megupsilon 679 
Menidia x Ctenolabrus’ 873 

Menidia xX Pionotus 691 

Menidia x Prionotus 1514 

Menidia audens x Menidia beryllina 804 

Menidia beryllina x Membras martinica 1332 
Menidia beryllina x Menidia extensa 804 

Menidia beryllina x Menidia menidia 804, 1332 
Menidia beryllina? x Menidia menidiag 1127 
Menidia beryllina x Menidia peninsulae 804 
Menidia menidia x Membras martinica 1332 

Menidia menidia x Menidia beryllina 804, 1332 
Menidia menidia x Menidia extensa 804 

Menidia menidia x Menidia peninsulae 8:04 

Menidia peninsulae x Menidia beryllina 804 
Menidia peninsulae x Menidia extensa 8:04 
Micropterus °? x Chaenobrytthus o 1083, 1084 
Mictopterus ° x Chaenobryttus * 1711, 1712 
Micropterus ? x Lepomis « 1083, 1084, 1712 
Micropterus ° x Micropterus ° 1083, 1084 
Micropterus 2 x Pomoxis“ 1083, 1084 

Micropterus coosae x Micropterus punctulatus henshalli 224 
Micropterus dolomieu dolomieu x Micropterus punctulatus 


punctulatus 224 
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Micropterus 


Micropterus 
1740 


Micropterus 
Micropterus 
Micropterus 
Micropterus 


Micropterus 
1722 


Micropterus 
Micropterus 
Micropterus 
Micropterus 
Micropterus 
Micropterus 
Micropterus 
Micropterus 


Micropterus 
349 


Micropterus 
783 


Micropterus 


Micropterus 


dolomieui x Micropterus punctulatus 1424 


dolomieuil x Micropterus salmoides 400, 714, 1009, 


dolomieui dolomieui x Micropterus punctulatus 1105 


dolomieui dolomieui x Micropterus velox 761 


floridanus ° x Micropterus salmoides “ 493, 1804 
salmoides9 x Ambloplites rupestris ¢ 388, 431, 714 
smallmouth ° x bass, 


salmoides 9 x (bass, largemoutha)¢ 


salmoides x Lepomis cyanellus 714 


salmoides 2? x Lepomis cyanellus * 431 
salmoides? x Lepomis gulosus & 388, 714 


salmoides 2? x Lepomis macrochirus © 388, 431, 714 


salmoides ? x Lepomis microlophus 5 431 
salmoides x Lepomis microlophus 714 


salmoides x Micropterus dolomieui 714, 1723, 1737 
salmoides ? x Micropterus dolomieu “% 388 


salmoides salmoides x Micropterus salmoides floridanus 


salmoides salmoides®% x Micropterus salmoides floridanus ? 


salmoides? x Pomoxis nigromaculatusc 388, 714 


treculi x Micropterus dolomieui 547 


(Micropterus treculi x Micropterus dolomieui) x Micropterus 


treculi 


Mini-killie 


Mini-killie 


547 
x Aphyosemion gardneri 88 


x (mini-killie x Aphyosemion gardneri) 88 


Misgurnus? x Misgurnus striata o 1103 


Misgurnus anguillicaudatus? x Carassius auratus subspecies ~ 878 


Misgurnus anguillicaudatus x Cobitis biwae 


1545 
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Misgurnus anguillicaudatus x Cobitis taenia striata 1103 

Misgurnus fossilis x Acanthophthalmus kuklili 1185 

Misgurnus fossilis x Barbus tetrazona 1188 

Misgurnus fossilis x Barbus tetrazona 1185 

Misgurnus fossilis x Brachiodanio rerio 629 

Misgurnus fossilis x Brachydanio rerio 711, 1188 

Misgurnus fossilis x Brachydanio rerio 1185 

Misgurnus fossilis xX Carassius auratus 1185 

Misgurnus fossilis x Carassius auratus auratus 1187 

Misgurnus fossilis x Danio malabaricus 1185 

Misgurnus fossilis x Razbora heteromorpha 629, 1188 

Misgurnus fossilis x Razbora heteromorpha 1185 

Mollienesia x Lebistes 1403 

Mollienesia sphaenops x Mollienesia sphaenops melanistica 1029 

Mollienesia sphenops x Mollienesia latipinna 131, 417, 1193 

Mollienesia sphenops x Mollienesia velifer 1004, 1005 

Mollienesia sphenops melanistica x Mollienesia sphenops 1004, 
1005 

Molsmolobeek x carp 1001 

Morone saxatilis x Morone americana 314, 842 

Morone chrysops x Morone saxatilis 490 

Morone saxatilis x Morone chrysops 341, 801, 841, 843, 1157, 
157,54: 

Morone saxatilis x Morone chrysops 261, 314, 842, 1438, 1484 

Morone saxatilis x Morone mississippiensis 261 

Morone saxatilis x Roccus chrysops 323, 1537 

Moxostoma macrolepidotum x Moxostoma breviceps 794, 938a 


Moxostoma macrolepidotum x Moxostoma pisolabrum 1480 
Moxostoma macrolepidotum x Moxostoma pisolabrum 794, 938a 
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Mrigal x Bata 53 

Mrigal x Calbasu 53, 405, 406 

Mrigalo& x Catla? 1643 

Mrigal x Kalbasu 798 

Mrigal x Rohu 798 

Mrigalo* x Rohu& 1643 

Mugil cephalus? x Lisa ramadac% 1273 

Mugil cephalus? x Mugil capitoc 63, 254, 1273 
Mummichog 2 x cunner “* 1431 

Muskellunge x pickerel chain 479 
Muskellungec x pickerel redfin? 498 
Muskellunge x pike, northern 389, 478, 1088, 1266, 1424 
Muskellunge ° x pike, northern & 545, 1709 
Muskellunge o« x pike northern? 844, 1709 
Muskie, tigero x muskie, ? 844 

Musky °x pike, northern o 1283 

Mylocheilus x Oregonichthys 1042 

Mylocheilus x Ptychocheilus 1042 

Mylocheilus x Rhinichthys 1402 

Mylocheilus x Richardsonius 1042 


Mylocheilus caurinumcx (Mylocheilus caurinumo x Richardsonius 
balteatus?)? 192 


Mylocheilus caurinum x Ptychocheilus oregonensis 1478 
Mylocheilus caurinum x Richardsonius balteatus 191, 192 
Mylocheilus caurinum? x Richardsonius balteatus’% 191 


(Mylocheilus caurinum x Richardsonius balteatus) x Mylocheilus 
Caurinum 191 


(Mylocheilus caurinum x Richardsonius balteatus) x Richardsonius 
balteatus 191 
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Mylocheilus caurinus x Ptychocheilus oregonensis 1523 
Mylocheilus caurinus x Richardsonius balteatus 1496 
Mylopharodon x Notemigonus 1042 

Mylopharodon x Orthodon 1042 

Mylopharodon x Pogonichthys 1042 

Mylopharodon x Ptychocheilus 1042 

Mylopharodon x Rhinichthys 1042 

Mylopharyngodon piceus® x Aristichthys nobiliss 996 
Mylopharyngodon piceus ° x Ctenopharyngodon idella o 996 
Mylopharyngodon piceus@ X Cyprinus carpioc 996 


Mylopharyngodon piceus 2° xX Hypophthalmichthys molitrix o 996 


-N-= 
Nemachilus dorsalis? x Schizothorax pseudokaiensis% 1349 
Nemachilus dorsalis x Schizothorax pseudokaiensis issykkuli 
Neogobius kessleri x Neogobius gymnotrachelus 1275 
Neogobius melanostomus x Neogobius fluviatilis 1275 
Nocomis x Notemigonus 1042 
Nocomis x Notropis 1042 
Nocomis xX Opsopoedus 1042 
Nocomis x Parexoglossum 1042 
Nocomis x Phenacobius 1042 
Nocomis xX Pimephales 1042 
Nocomis x Platygobio 1042 
Nocomis x Rhinichthys 1042 
Nocomis x Semotilus 1042 
Nocomis biguttatus x Notropis cornutus 1424, 1496, 1743 


Nocomis biguttatus x Semotilus atromaculatus 1352 
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ilake)s} 


Nocomis leptocephalus x Campostoma anomalum 1743 
Nocomis leptocephalus x Clinostomus funduloides 1743 
Nocomis leptocephalus x Nocomis micropogon 1743 
Nocomis leptocephalus x Notropis coccogenis 1074, 1743 
Nocomis leptocephalus x Notropis zonistius 1074 
Nocomis micropogon x Notropis cornutus 1496, 1743 


Nocomis micropogon x Rhinichthys cataractae 1496, 1522, 1523 
1743 


Nocomis platyrhynchus x Notropis chrysocephalus 1496, 1521 
Nocomis platyrhynchus x Rhinichthys cataractae 1523 
Notemigonus x Notropis 1042 

Notemigonus x Opsopoedus 1042 

Notemigonus x Orthodon 1042 

Notemigonus x Parexoglossum 1042 

Notemigonus x Phenacobius 1042 

Notemigonus x Pimephales 1042 

Notemigonus x Platygobio 1042 

Notemigonus x Pogonichtys 1042 

Notemigonus x Rhinichthys 1042 

Notemigonus x Semotilus 1042 


Nothobranchius korthausi x Nothobranchius palmquisti guentheri 
94 


Nothobranchius melanospilus x Nothobranchius guentheri 91 
Nothobranchius neumanni x Nothobranchius palmquisti 91 
Nothobranchius palmquisti x Nothobranchius guentheri 91 
Nothobranchius thierryi x Aphyosemion arnoldi 1386 
Notropis x Opsopoedus 1042 

Notropis x Parexoglossum 1042 

Notropis x Phenacobius 1042 
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Notropis x Pimephales 1042 


Notropis x Platygobio 1042 


Notropis x Ptychocheilus 1042 


Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 


Notropis 


x Rhinichthys 1042 


x Semotilus 


1042 


albeolus x Notropis amoenus 1074 


albeolus x Notropis ardens 1074 


analostanus x Notropis galacturus 1071 


analostanus x Notropis spilopterus 968 


ardens x Notropis umbratilus 306 


bellus bellus x Notropis alegnotus 1487 


cerasinus x Notropis cornutus’ 1073 


cerasinus xX Phoxinus oreas 693, 1496 


chrysocephalus x Notropis rubellus 1523 


cornutus 


cornutus 


cornutus 


cornutus 


cornutus 


cornutus 


cornutus 


cornutus 


cornutus 


cornutus 


1743 


x 


x 


Campostoma anomalum 665 

Chrosomus eos 665 

Chrosomus oreas 665 

Clinostomus elongatus 665 
Clinostomus funduloides 665, 1157 
Nocomis biguttatus 665 

Nocomis micropogon 665 

Notropis chrysocephalus 665 
Notropis photogenis 665 


Notropis rubelius (665, 1157, .1424, 15237 


Notropis cornutus@ x Notropis rubellusco 1094 


Notropis cornutusc% x Notropis rubellus? 1094 


Notropis cornutus x Phoxinus erythrogaster 693, 1496 
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Notropis 
Notropis 
Notropis 
Notropis 


Notropis 
15 


Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Notropis 
Noturus 

Noturus 

Noturus 

Noturus 

Noturus 


NSC-4 x 


cornutus x Rhinichthys cataractae 1353, 1496 
cornutus x Semotilus atromaculatus 665, 1424, 1496 
cornutus x Semotilus corporalis 665, 1424 

emiliae x Notropis emiliae peninsularis 623 


emiliae emiliae x Notropis emiliae peninsularis 
56 


galacturus x Notropis spilopterus 442 


lutipinnis x Notropis zonistius 1074 


lutrenis x Notropis suavis 1105 


lutrensis x Notropis venustus 527, 1543 


pilsbryi x Chrosomus erythrogaster 1338 


pilsbryi x Dionda nubila 1338 


pilsbryi x Notropis rubellus 1338 


pilsbryi x Phoxinus erythrogaster 1496 


rubellus x Clinostomus funduloides 1157 


rubellus x Notropis cornutus 968, 1424 


rubellus x Notropis volucellus 1424 


spilopterus x Notropis lutrensis 1480 


spilopterusc x Notropis whipplei? 1166 

venustus cercostigma x Notropis venustus stigmaturus 
whipplei x Notropis spilopterus 442 
exilis x Noturus miurus 1076 
gyrinus x Noturus miurus 1076 
gyrinus x Schilbeodes miurus 1076 
miurus x Noturus exilis 1424 
miurus x Noturus gyrinus 1424 


Aphyosemion labarrei 1582 


Nuduskarpfen x naturgiebel 131 
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349, 


620 


Okley x leshch 1193 

Okley x liny 1193 

Okley x gostera 1193 

Okleya x leshch 1193 

Okleya x liny 1193 

Okleya x gostera 1193 

Okony x biryochok 1193 

Okony x ershch 1193 

Oncorhynchus gorbuscha x Oncorhynchus keta 491, 1031, 1466, 1763 
Oncorhynchus gorbuschao& x Oncorhynchus keta? 268, 600, 602 


Oncorhynchus gorbuscha? x Oncorhynchus ketao 425, 600, 602, 731, 
MS50> 1575 


Oncorhynchus gorbuscha ox Oncorhynchus kisutch ? 268 
Oncorhynchus gorbuscha x Oncorhynchus masou 691, 1489 
Oncorhynchus gorbuscha ° x Oncorhynchus masou °° 1089 
Oncorhynchus gorbuscha “x Oncorhynchus masou 9 600 
Oncorhynchus gorbuscha 2 x Oncorhynchus nerka * 491, 696, 1550 
Oncorhynchus gorbuscha “x Oncorhynchus nerka 92 268 
Oncorhynchus gorbuscha “x Oncorhynchus tshawytscha 2 268 


Oncorhynchus keta x Oncorhynchus gorbuscha 276, 491, 498, 665, 
691, .1119,. 1272,°1334,, 1466, 1473, 1489,°1544;515497 Sis7s 


Oncorhynchus kKeta? x Oncorhynchus gorbuscha ¢ 491, 600, 602, 731, 
SVAN S51, S75 


Oncorhynchus keta&% x Oncorhynchus gorbuscha? 268, 425, 600, 602 
Oncorhynchus keta& x Oncorhynchus kisutch ° 268 

Oncorhynchus keta x Oncorhynchus masou 1554 

Oncorhynchus keta?x Oncorhynchus masou< 600, 1089, 1380, 1575 


Oncorhynchus keta x Oncorhynchus nerka 387, 425, 491 


436 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 
491 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 
1634 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 


keta@ x Oncorhynchus nerkac 1380, 1381, 1549, 


ketao X Oncorhynchus nerka ? 268 


keta x Oncorhynchus nerka adonis 1580 


keta? x Oncorhynchus nerka adonis*% 1575, 1577 
keta& x Oncorhynchus tshawytscha ? 268 
keta? x Salmo irideus “ 1380 

keta? x Salvelinus fontinalis ¢ 1380 
keta autumnalis x Oncorhynchus gorbuscha 


kisutch? x Oncorhynchus gorbuscha co 491 


kisutchc& x Oncorhynchus gorbuscha ? 268 


kisutch¢% x Oncorhynchus keta ? 268 


kisutch ? x Oncorhynchus masou ~“ 1089 


kisutch¢ x Oncorhynchus nerka 2? 268 


kisutch? x Oncorhynchus tshawytschao 304, 425, 


kisutch¢o x Oncorhynchus tshawytscha ? 268 


kisutch ¢x Salmo gairdneri ? 426, 678 


kisutch?x Salmo gairdneri o 304 


kisutch?x Salmo salar co 304 


kisutch? x Salmo trutta ¢o 304 


kisutch? x Salvelinus fontinalis & 304, 425, 


macrostoma xX Oncorhynchus rhodurus' 871 


masou X Oncorhynchus gorbuscha 1489 


masou? x Oncorhynchus gorbuscha “ 602, 1575 


masouc% x Oncorhynchus gorbuscha 2? 600, 602 
masou X Oncorhynchus keta 691, 1489 


masou ? x Oncorhynchus keta & 491, 1380, 1575 
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491, 823 


Oncorhynchus 


Oncorhynchus 
F1l233)2 


Oncorhynchus 
Oncorhynchus 


Oncorhynchus 


Oncorhyncus masou ? X Oncorhynchus rhodurus o 1544, 1549, 
7554, 


15507 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 
1575, 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 


masou o X Oncorhynchus keta ° 600, 602 


masou? x (Oncorynchus masou? x Salvelinus pulviusc)¢ 


masou xX Oncorhynchus nerka 1575 


masou 2x Oncorhynchus nerka « 1380, 1550 


masou X Oncorhynchus rhodurus 29, 425, 1575 
1546, 
15523) e575 

masou? x Salmo gairdneri & 1550 


masou x Salmo Jeucomaenis 491 


masou9? x Salmo trutta o 1550 
masou 9? x Salvelinus fontinalis©% 425, 


1549, 1550, 


L576 


masou x Salvelinus leucomaenis 828, 829 


masou x Salvelinus malma 425 
masou x Salvelinus pluvius 829 

masou9? x Salvelinus pluvius ° 1550 
mMasou x Salvelinus pulvius 1233 


masou x trout, brook 828 


(Oncorhynchus masou x Oncorhynchus rhodurus) x Oncorhynchus 


rhodurus 


1575 


(Oncorhynchus masou x Salvelinus pulvius) x Oncorhynchus 


masou 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 


12933 

masou ishikawae x Oncorhynchus masou 1564 
masou (macrostoma) x Oncorhynchus rhodurus 491 
nerka x Oncorhynchus gorbuscha 1544, 1549, 1575 
nerkac& x Oncorhynchus gorbuscha 2? 268 

nerka 2 x Oncorhynchus gorbuschac 491 

nerka x Oncorhynchus keta 1544, 1573, 1575 


nerkao& xX Oncorhynchus keta? 268 
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Oncorhynchus 
550), 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 
I ey7iis) 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 


nerka? x Oncorhynchus keta ¢ 1380, 1381, 1549, 
1551, 1634 
nerka& x Oncorhynchus kisutch ? 268 


nerka 2x Oncorhynchus masou co 1089, 1380, 1550, 1575 


nerka ?x Oncorhynchus rhodurus & 1550, 1552 
nerka x Oncorhynchus tshawytscha 696 


nerka 2x Oncorhynchus tshawytscha % 1544, 1549, 


nerka &* x Oncorhynchus tshawytscha 2 268 
nerka?x Salmo gairdneri * 1550, 1552 
nerka 2x Salmo trutta ¢ 1550, 1552 


nerka 2x Salvelinus fontinalds: c71550; 15527-1575 


Oncorynchus nerka? x Salvelinus pluvius & 1550, 1552 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 
ES505 


Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 
Oncorhynchus 


Oncorhynchus 


nerka adonis x Oncorhynchus keta 1580 

nerka adonis? x Oncorhynchus ketac 1575, 1577 
nerka adonis? x Oncorhyncus rhodurus ¢ 491 
nerka adonis? x Salvelinus fontinalis ¢ 491 


rhodurus? xX Oncorhynchus keta o 1550 


rhodurus x Oncorhynchus masou 425, 491, 829, 1543 


rhodurus ? X Oncorhynchus masou co 1544, 1546, 1549, 
L551 eeL552 

rhodurus x Oncorhynchus masou macrostoma 872 
rhodurus 2 xX Salmo gairdneri &% 1550 

rhodurus °? x Salmo truttac 1550, 1551 

rhodurus ? xX Salvelinus fontinalis “ 425, 776, 1550 


rhodurus ? x Salvelinus pluvius o 1546, 1550, 1552 
tshawytscha x Lota marmorata 491, 810 
tshawytscha ? x Oncorhynchus gorbuscha % 1544, 1549 


tshawytscha©S x Oncorhynchus gorbuscha 2 268 
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Oncorhynchus tshawytschaco x Oncorhynchus keta? 268 
Oncorhynchus tshawytscha? x Oncorhynchus kisutch o 1544, 1549 
Oncorhynchus tshawytschac x Oncorhynchus kisutch 2 268 
Oncorhynchus tshawytscha9? x Oncorhynchus kisutchi & 1575 
Oncorhynchus tshawytscha? x Oncorhynchus masou * 1089 
Oncorhynchus tshawytschao X Oncorhynchus nerka ? 268 
Oncorhynchus tshawytscha x Salmo trutta 491, 810 
Oplegnathus fasciatus x Oplegnathus punctatus 1448 
Opsopoedus x Phenacobius 1042 

Opsopoedus x Pimephales 1042 

Opsopoedus x Rhinichthys 1042 

Opsopoedus x Semotilus 1042 

Oregonichthys x Ptychocheilus 1042 

Oregonichthys x Rhinichthys 1042 

Oregonichthys x Richardsonius 1042 

Orthodon x Pogonichthys 1042 

Orthodon x Ptychocheilus 1042 

Orthodon x Rhinichthys 1042 

Orthodon microlepidotus x Gila bicolor 206 

Oryzias latipes x Carassius auratus 1554 

Oryzias latipes x Cyprinus carpio 1554 

Osetr x akula 1062 

Osetr x beluga 1193, 1201, 1434 

Osetr x (beluga x sterlydy) 1193 

Osetr x carp 1062 

Osetr¢? x (osetr¢? x sterylyadc)c 886 


Osetr x sevruga 1190, 1362 


Osetr x sevryoga 1193 
Osetruxesterlet, 911937) 19195. 0327 
Osetr? x sterlet o 367 

Osetr x sterleyd 1362 

Osetr x sterlyad 1433 

Osetr x sterlydy 917, 1193 

Osetr x sterylad 1190 


Osetr x sterylyad 886, 1434 


=-P= 
Pantosteus platyrhynchus x Pantosteus clarki 1105 
Pantosteus plebeus x Catostomus 1105 
Pantosteus plebeius x Pantosteus discobolus 1105 
Paracheilognathus rhombeus ° x Acheilognathus limbatus & 750 
Paracheilognathus rhombeus ? x Acheilognathus tabirac 750 
Paracheilognathus rhombeus ° x Rhodeus ocellatus o 750 
Parexoglossum x Phenacobius 1042 
Parexoglossum x Pimephales 1042 
Parexoglossum x Rhinichthys 1042 
Parexoglossum x Semotilus 1042 
Parophrys vetulus x Pltichthys stellatus 710 
Peled x chir 1679 
Pelvicachromis pulcheri¢ x Pelvicachromis subocellatus 2? 966 
Pelyad x chir 309, 1680 
Pelyad? x whitefish « 889 
Pelyad? x whitefish broado 890 
Pelyady x chir 644 
Pelydy x chir 310 
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Pelyly 


se elaalie i Aka 7/y7/ 


Perca x Stizostedion 767 


Perca fluviatilis x Acerina acerina 


Perca fluviatilis x Acerina cernua 


al 


76 


193 


Ty SS 


Perca fluviatilis? x Salmo irideus o& 188 


Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Perch, 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 
Percina 


Percina 


walleye x sauger 73 


white ox bass, striped? 261 


yellow? x Chaenobryttus coronarius 3 767 


yellow? x Cichlasoma 
yellow? x Etheostoma 
yellow? x Etheostoma 


yellowo x Etheostoma 


cyanoguttatum &* 767 


blennioides & 767 


caeruleum & 767 


spectabile “ 767 


yellow? x Etheostoma tetrazonum So 767 


yellow? x Lepomis cyanellus o 767 


yellow? x Lepomis macrochirus “ 767 


yellow? x Lepomis punctatus & 767 


yellow? x Percina scierac 767 


white «x bass, striped ? 1483 


caprodes °x Percina macrolepidac 152 


caprodes x Percina maculata 


caprodes x Percina sciera 


id, 


736 


36); 2023 


9 


2) 


caprodes °x Stizostedion vitreum o 767 


Caprodes caprodes x Percina semifasciata 


659 


evides evides x Percina evides striolacauda 


maculata x Percina phoxocephala 736 


nigrofasciata x Percina sciera 


notogramma x Percina peltata 


520i, 


NAS) 


phoxocephala x Percina maculata 1239 


442 


736 


5097 


510 


Pestryli, tolstolobika x belugo, Amur 
Petromyzon marinus 
Petromyzon marinus 
Petromyzon marinus 
Petromyzon marinus 
Phantom, black x serpae 
Phenacobius 
Phenacobius 
Phenacobius 
Phenacobius 


Phoxinus eos x Phoxinus neogaeus 


Phoxinus 
Phoxinus 
Phoxinus 
Phoxinus 
Phoxinus 
Phoxinus 
Phoxinus 
Phoxinus 
Pickerel 
Pickerel, 
Pickerel, 
Pickerel, 
Pickerel, 
Pickerel, 


Pickerel, 


» 4 


x 


x 


x 


Pimephales 
Platygobio 
Rhinichthys 


Semotilus 


178 

x Ichthyomyzon castaneus 1270 
x Ichthyomyzon fossor 1270 
x Ichthyomyzon unicuspis 1270 


x Lampetra lamottenii 1270 
118 
1042 
1042 
1042 
1042 
938a, 


Gai 992 


eos x (Phoxinus neogaeus x Semotilus margarita) 


eos x Semotilus margarita 


neogaeus 
neogaeus 
neogaeus 
phoxinus 


phoxinus 


941 


x Phoxinus eos 941 


x Phoxinus eos (Chrosomus eos) 610 


x Semotilus margarita 610, 941 


x Cyprinus Garpro 13:70 


x Nemachilus barbatulus 290 


phoxinuss x Telestes soufia@ 187 


chain x muskellunge 


chain x 


chain x 
chain x 
grass x 


grass x 


479 


pickerel, grass 479, 1088 


pickerel, redfin 479, 1088, 1424, 1754 


pike, northern 479, 1088, 1424 


pickerel, redfin 1424 


pike, northern 1424 


redfin x pickerel, chain 1424 


Pig LDH-l x fluke LDH 1013 


Pike x maskinonge 


20 
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941 


Pike x muskellunge 478 

Pike x musky 515 

Pike, Amur x muskellunge 482, 1060 

Pike, Amur x musky 1756 

Pike, Amur x pike, northern 129, 482, 498, 1060 
Pike, Amur x pickerel chain 482 

Pike, Amur x pickerel grass 482 

Pike, Amur x pickerel redfin 482 


Pike northern x catfish, channel 96 


Pike, northern x muskellunge 106, 123, 569, 655, 734, 844, 1059, 


1424 
Pike, northern ° x musky o 1283 
Pike northern ox muskie 9 844 
Pike northern x pickerel chain 479 
Pike, northern x pickerel, grass 1046, 1144, 1437 
Pike, northern? x pike, Amur. 1060 
Pike, silver x muskellunge 1050 
Pimephales x Platygobio 1042 
Pimephales x Rhinichthys 1042 
Pimephales x Semotilus 1042 
Pimephales notatus x Pimephales promelas 968 
Plagopterus x Ptychocheilus 1042 
Plagopterus x Rhinichthys 1042 
Plagopterus x Tiaroga 1042 


Plaice x dab 1299 


Plaice x flounder 264, 473, 474, 631, 1293, 1294, 1295, 1298, 


1460, 1639 


Plaice? x flounder co 1220, 1296, 1331 


Plaice co x#flounder ¢- 1299 

(Plaice x flounder) x flounder 1293 

(Plaice x flounder) x plaice 1293 

Plaice x halibut 1299 

Plaice x sole, lemon 254, 1299 

Plaice sp. x plaice sp. 366 

Piarce sp. x halibut sp...-366 

Platessa platessa x Hypoglossoides platessoides 1193 

Platichthys flesus x Pleuronectes platessa 1514 

Platichthys flesus? x Pleuronectes platessag 1298 

Platyfish x (platyfish x swordtail green) 1456 

Plabyrlshexy Swordtalls) 133 Sulsl5s iol So ) vels Sole? 263 oes 
AQ2, 109; ni22;-789, 913), L45, 1418). 1455) 1458) 1462, Loss, 
650, 165i), 1652, 1653, 1654, 1656, 1657), 16597. 1660, L662, 
EGGS loli 74/16, MAN /a7iZ 

Platyfish ? x swordtail “ 1453, 1457 

Platyfish ? x (swordtail? x platyfishc)* 1453 

(Platyfish x swordtail) x swordtail 1651 

Platyfish x swordtail green 1456 

Platyfish x Xiphophorus helleri guentheri 1458 

Platyfish x Xiphophorus helleri helleri 1458 

Platyfish x Xiphophorus helleri strigatus 1458 

Platyfish spotted x swordtail 648 

Platyfish-swordtail x swordtail 1458, 1663 

Platygobio x Rhinichthys 1042 

Platypoecilus x Xiphophorus 639, 1655 

Platypoecilus x Xiphophorus helleri 1091 

Platypoecilus ox Xiphophorus strigatus? 683 


Platypoecilus conch x Platypoecilus maculatus 1004, 1005 
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Platypoecilus conchianus x Platypoecilus maculatus 691 
Platypoecilus latipinna x Platypoecilus sphenops 900 
Platypoecilus maculatus x Platypoecilus variatus 160 


Platypoecilus maculatus x Platypoecilus xiphidium 160, 897, 1417, 
1422 


Platypoecilus maculatus? x Platypoecilus xiphidiumS 898 

Platypoecilus maculatus x Platypoecilus xiphophorus 160 

Platypoecilus maculatus °o x Xiphophorus brevis? 683 

Platypoecilus maculatus x Xiphophorus helleri 134, 151, 152, 154, 
155,..156, 159), 160; 165,, L66))-167,;" 168 7 465)5 649/222 Sr 
725, 896, 913, 982, 1301, 1417, 1419) 1420, 1422) 214627 
WAGSe a 65275 6614/4 ele Ov. 

Platypoecilus maculatus? x Xiphophorus helleri<“ 167, 895 


Platypoecilus maculatus x (Xiphophorus helleri x Xiphophorus 
helleri) 1658 


(Platypoecilus maculatus x Xiphophorus helleri) x Xiphophorus 
helieri 134, 151, 159, 165, 166, 167, 913, 1417, 1420 


(Platypoecilus maculatus x Xiphophorus helleri) x Piatypoecilus 
maculatus 156, 159 


Platypoecilus maculatus x Xiphophorus helleri guentheri 153, 
1660 


(Platypoecilus maculatus x Xiphophorus helleri guentheri) x 
Platypoecilus maculatus 153, 1660 


(Platypoecilus maculatus x Xiphophorus helleri guentheri) x 
Xiphophorus helleri guentheri 1660 


((Platypoecilus maculatus x Xiphophorus helleri) x Xiphophorus 
helleri) x Platypoecilus maculatus 167 


(((Platypoecilus maculatus x Xiphophorus helleri) x Xiphophorus 
helleri) x Platypoecilus maculatus) x Platypoecilus maculatus 
167 

Platypoecilus maculatus x Xiphophorus hellerii 647, 648 


(Platypoecilus maculatus x Xiphophorus helilerii) x Xiphophorus 
648 


Platypoecilus maculatus x Xiphophorus montezumae 151, 160, 723, 
72a 725 


Platypoecilus maculatus x Xiphophorus montezumae cortezi 1417, 
1422 


Platypoecilus maculatus x Xiphophorus variatus 898 


(Platypoecilus maculatus x Xiphophorus variatus) x Xiphophorus 
maculatus 898 


Platypoecilus maculatus pulcheri x Xiphophorus helleri 970 
Platypoecilus sphenops x Platypoecilus latipinna 900 


Platypoecilus variatus x Platypoecilus maculatus 154, 160, 
691, 897, 1004, 1005 


(Platypoecilus variatus x Platypoecilus maculatus) x Platypoecilus 
Xiphidium 897 


Platypoecilus variatus x Platypoecilus xiphidium 160, 1398 


Platypoecilus variatus x Xiphophorus helleri 154, 160, 709, 
A a2 2 gil el Te 


(Platypoecilus variatus x Xiphophorus helleri) x Xiphophorus 
helleri 709, 1417, 1422 


Platypoecilus variatus x Xiphophorus helleri guentheri 148, 153, 
1660 


(Platypoecilus variatus x Xiphophorus helleri guentheri) x 
Xiphophorus helleri guentheri 1660 


Platypoecilus variatus x Xiphophorus montezumae 160 
Platypoecilus xiphidium x Platypoecilus maculatus 160, 691 
Platypoecilus xiphidium x Platypoecilus maculatus 898 
Platypoecilus xiphidium x Platypoecilus variatus 160 
Platypoecilus xiphidium x Xiphophorus helleri 151, 160 
Platypoecilus xiphidium x Xiphophorus montezumae 151, 152, 160 


Platypoecilus xiphophorus x Platypoecilus maculatus 159, 160, 
1004, 1005 


Platypoecilus xiphophorus x Platypoecilus variatus 159, 160 
Platypoecilus xiphophorus x Xiphophorus helleri 159 


Platypoecilus xiphophorus x Xiphophorus montezumae 159, 160 
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Pleuronectes flesus? x Pleuronectes platessa 
Pleuronectes limanda x Gadus morrhua 688 
Pleuronectes limanda x Pleuronectes 688 


Pleuronectes platessa x Gadus morrhua 1193 


oe 1629 


Pleuronectes platessa? x Hippoglossus hippoglossusS% 1298 


Pleuronectes platessa x Platichthys flesus 
ISOS 1 293,> ssi, 639 


264724735 WSte, 


Pleuronectes platessa? x Platichthys flesus * 1298 


Pleuronectes platessa? x Platichthys pseudoflesus* 1343 


Pleuronectes platessa x Pleuronectes flesus 


Pleuronectes platessa ox Pleuronectes flesus 


824, 1009), So 


i) 254, S629 


Pleuronectes platessa? x (Pleuronectes platessa? x Pleuronectes 


flesusco)s\ 1629 


Pleuronectes platessa x Pleuronectes pseudoflesus 1730 


Pilotvaex dolliost “1193 

Pllotva x yelesh. | 1:93 

Plotva x Elets danilewskogo 1193 

Plotva x gloteva 1201 

(Plotva x gloteva) x Krashoperka syeva 1201 
Plotva x gostera 1193 

(Plotva x gostera) x plotva 1193 

(Plotva x gostera) x krasnoperka 1193 
(Plotva x gostera) x (krasnoperka x gostera) 
Plotva x gosteva 1201 

(Plotva x gosteva) x plotva 1201 

Plotva x krasnoperka 1193 

Pllotvarex Lesch , 1201 


(Plotva x lesch) x lesch 1201 
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1193 


Plotva x-eshch. 1193 

(Plotva x leshch) x gostera 1193 

(Plotva x leshch) x krasnoperka 1193 

(Plotva x leshch) x leshch 1193 

Plotva x leskary 1193 

Plotva x liny 1193 

Plotva x nodost 1193 

Poecilia formosa x Poecilia latipinna 52 

Poecilia formosa? x Poecilia latipinnac 130, 631, 1414 
Poecilia formosa x Poecilia limantouri 1078 

Poecilia formosa x Poecilia mexicana 52, 1077, 1307 
Poecilia formosa? x Poecilia mexicanas 130, 239, 631, 1411 
Poecilia formosa x Poecilia sphenops 1310, 1411, 1538 
Poecilia formosa? x Poecilia sphenops“ 631, 1414 


(Poecilia formosa x Poecilia sphenops) x (Poecilia formosa x 
Poecilia vittata) 1310 


Poecilia formosa x Poecilia vittata 1310, 1411 
Poecilia formosa? x Poecilia vittata “ 631, 1414 
Poecilia formosa x Poeciliopsis lucida 1407 
Poecilia latipinna x Poecilia formosa 1054 


Poecilia latipinna x Poecilia mexicana 52, 438, 1077, 1097, 1308, 
ESSSieeltoZ2s, po24, Nes7a) loss 


Poecilia latipinna? x Poecilia mexicanas 130 


(Poecilia latipinna x Poecilia mexicana) x Poecilia latipinna 
1623 


Poecilia latipinna x Poecilia velifera 462, 464 
Poecilia latipinna formosa? x Poecilia latipinnas 130 
Poecilia latipinna formosa?x Poecilia mexicana & 130 


Poecilia lebistes (reticulata) x Xiphophorus helleri 1261 
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Poecilia mexicana x Poecilia butleri 238 

Poecilia mexicana x Poecilia latipinna 238, 631 

Poecilia mexicana? x Poecilia latipinnac 130, 1413, 1623 
Poecilia mexicana x Poecilia velifera 238 

Poecilia reticulata x Mollienesia velifera 1261 

Poecilia sphenops x Poecilia gilli 146 

Poecilia sphenops ? X Poecilia latipinnas 1623 

Poecilia velifera x molly, lyretail 590 

Poeciliopsis chicaS% x Poeciliopsis butleri ? 1098 
Poeciliopsis chica? x Poeciliopsis butleri * 1098 
Poeciliopsis chicac& x Poeciliopsis mexicana limantouri? 1098 
Poeciliopsis chicac&t x Poeciliopsis mexicana mexicana 2? 1098 
Poeciliopsis chica? x Poeciliopsis mexicana mexicana & 1098 
Poeciliopsis chica? x Poeciliopsis sphenops * 1098 
Poeciliopsis Cx x Poeciliopsis latidens 1407 

Poeciliopsis Cx x Poeciliopsis lucida 1407 

Poeciliopsis Cx? x Poeciliopsis monachaS 1695 

Poeciliopsis Cx x Poeciliopsis viriosa 1407 

Poeciliopsis Cx?x Poeciliopsis viriosac 1695 


(Poeciliopsis Cx x Poeciliopsis latidens) x Poeciliopsis latidens 
1407 


(Poeciliopsis Cx x Poeciliopsis latidens) x Poeciliopsis lucida 
1407 ; 


(Poeciliopsis Cx x Poeciliopsis viriosa) x Poeciliopsis lucida 
1407 


(Poeciliopsis Cx x Poeciliopsis viriosa) x Poeciliopsis viriosa 
1407 


Poeciliopsis latidens x Poeciliopsis fasciata 1407 


Poeciliopsis latidens x Poeciliopsis lucida 1407 
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Poeciliopsis lucida x Poecilia formosa 1407 
Poeciliopsis lucida x Poeciliopsis monacha 436, 1054 
Poeciliopsis lucida x Poeciliopsis occidentalis 949 


(Poeciliopsis lucida x Poeciliopsis monacha) x Poeciliopsis 
lucida 1054 


(Poeciliopsis lucida x Poeciliopsis monacha) x Poeciliopsis 
monacha 1054 


Poeciliopsis monacha x Poeciliopsis latidens 437,1408 


Poeciliopsis monacha x Poeciliopsis lucida 181, 342, 438, 631, 
1408, 1411, 1413, 1584, 1644, 1692, 1693, 1694, 1696 


Poeciliopsis monacha? x Poeciliopsis lucidacg 437, 1409, 1410, 
1695 


(Poeciliopsis monacha x Poeciliopsis lucida) x Poeciliopsis 
latidens 1408 


(Poeciliopsis monacha x Poeciliopsis lucida) x Poeciliopsis lucida 
1408 


((Poeciliopsis monacha x Poeciliopsis lucida) x Poeciliopsis lucida) 
x Poeciliopsis latidens 1408 


Poeciliopsis monacha? x Poeciliopsis monacha-latidensco 1413 


Poeciliopsis monacha x Poeciliopsis occidentalis 180, 342, 437, 
AZ Sr 2O sks Shera lea e694: ohe97 


Poeciliopsis monacha? x Poeciliopsis occidentalis o 1130 
Poeciliopsis monacha x Poeciliopsis virosa 1695 
Poeciliopsis monacha x Poeciliopsis viriosa 949 


(Poeciliopsis monacha x Poeciliopsis viriosa) x Poeciliopsis 
virosa 1695 


(Poeciliopsis monacha x Poeciliopsis viriosa) x (Poeciliopsis monacha 
x Poeciliopsis viriosa) 1695 


Poeciliopsis monacha-latidens x Poeciliopsis latidens 1413 


Poeciliopsis monacha-lucida x Poeciliopsis latidens 437, 631, 
1408, 1411 


(Poeciliopsis monacha-lucida x Poeciliopsis latidens) x Poeciliopsis 
latidens 1411 
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Poeciliopsis monacha-lucida x Poeciliopsis lucida 1413, 1644, 
MES2 I Ak6 93) 696 


Poeciliopsis monacha-lucida? x Poeciliopsis lucidac 343, 1411 
Poeciliopsis monacha-lucida x Poeciliopsis monacha 437, 1644 
Poeciliopsis monacha-lucida? x Poeciliopsis monachac 1413 
Poeciliopsis monacha-lucida x Poeciliopsis occidentalis 631, 1697 
Poeciliopsis monacha-lucida x Poeciliopsis viriosa 631, 1695 


(Poeciliopsis monacha-lucida x Poeciliopsis viriosa) x Poeciliopsis 
VIrTOSane 631 


Poeciliopsis 2 monacha-lucida x Poeciliopsis latidens 1411 
Poeciliopsis 2 monacha-lucida x Poeciliopsis monacha 1054, 1411 
Poeciliopsis 2 monacha-lucida x Poeciliopsis occidentalis 1411 
Poeciliopsis monacha- 2 lucida x Poeciliopsis latidens 1411 
Poeciliopsis monacha- 2 lucida x Poeciliopsis lucida 1054, 1411 
Poeciliopsis monacha- 2 lucida x Poeciliopsis monacha 1411 
Poeciliopsis monacha- 2 lucida x Poeciliopsis occidentalis 1411 
Poeciliopsis occidentalis x Poeciliopsis monacha 1129 


Poeciliopsis occidentalis x Poeciliopsis monacha-occidentalis 
135 


Poeciliopsis viriosa x Poeciliopsis monacha 1695 
Poeciliopsis viriosa? x Poeciliopsis monachac 1695 


(Poeciliopsis viriosa x Poeciliopsis monacha) x Poeciliopsis 
monacha 1695 


Pogonichthys x Ptychocheilus 1042 
Pogonichthys x Rhinichthys 1042 
Pomacentrus planifrons x Pomacentrus leucostictus 554 


Pomatoschistus minutus minutusc& x Pomatoschistus minutus lozanoi ? 
585 


Pomatoschistus minutus lozanoic' x Pomatoschistus minutus minutus ? 
585 


Pomoxis 2 x Chaenobrytthus ~ 1083, 1084 


Pomoxis 2 x ChaenobryttusSs 1712 
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Pomoxis? x Lepomis * 1083, 1088, 1712 

Pomoxis? x MicropterusS 1083, 1084, 1712 

Pomoxis annularis x Centrarchus macropterus 358 

Pomoxis annularis? x Centrarchus macropterus S 388 

Pomoxis annularis x Pomoxis nigro-maculatus 224 

Pomoxis annularis x Pomoxis nigromaculatus 400, 1087 
Pomoxis annularis? x Pomoxis nigromaculatus ¢% 388 

Pomoxis nigromaculatus? x Ambloplites rupestrisco 388, 1627 
Pomoxis nigromaculatus? x Lepomis gulosusc 388 

Pomoxis nigromaculatus? x Lepomis macrochirusc 388 

Pomoxis nigromaculatus? x Micropterus salmoides ¢ 388, 714 
Pomoxis nigromaculatus x Pomoxis annularis 282, 1009, 1010 


(Pomoxis nigromaculatus x Pomoxis annularis) x (Pomoxis 
nigromaculatus x Pomoxis annularis) 1010 


Procatopus aberrans x Aphyosemion gardneri 1386 
Prosopium ox Coregonus 2 608 

Prosopium ox Leucichthys ° 608 

Prosopium abyssicola x Prosopium spilonotus 1731 
Prosopium coulteri x Prosopium cylindraceum 1022 
Prosopium coulteri x Salmo gairdneri 1022 
Prosopium cylindraceum x Prosopium coulteri 1022 
Prosopium cylindraceum x Salmo gairdneri 1022 
Prosopium gemmiferum x Prosopium williamsoni 1731 
Prosopium spilonotus x Prosopium abyssicola 1731 
Prosopium spilonotus x Prosopium gemmiferum 315, 1731 
Prosopium spilonotus x Prosopium williamsoni 1731 


Prosopium williamsoni x Prosopium gemmiferum 315, 1731 
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Prosopium williamsoni x Prosopium spilonotus 315, 1731 
Pseudogobio esocinus x Gnathopogon elongatus elongatus 264 
Pseudogobio esocinus? x Gnathopogon elongatus elongatusc 1545 
Pseudogobio esocinus x Pseudorasbora parva 491 

Pseudogobius esocinuso x Biwia zezera ? 405 

Pseudogobius esocinuso% x Gnathopogon elongatus elongatus? 405 
Pseudogobius esocinus<o x Pseudorasbora parva 2? 405 
Pseudolabrus celidotus x Pseudolabrus fucicola 219 
Pseudolabrus fucicola x Pseudolabrus inscriptus 219 
Pseudorasbora parva pumilao x Biwia zezera® 405 


Pseudorasbora parva pumilac& x Gnathopogon elongatus elongatus ? 
405 


Pseudotropheus macrophthalmus x Labeotropheus fuellaborni 869a 
Pseudotropheus tropheops x Pseudotropheus auratus 642 
Pseudotropheus tropheops? x Pseudotropheus macrophthalmus o 641 
Pseudotropheus tropheops? x Pseudotropheus zebrac 640 
Pterolamiops longimanus x carp 1064 

Pterolamiops longimanus x salmon, pink 1064 

Pterolamiops longimanus x sturgeon 1064 

Ptychocheilus x Rhinichthys 1042 

Ptychocheilus x Richardsonius 1042 

Ptychocheilus x Tiaroga 1042 

Ptychocheilus oregonense x Richardsonius balteatus 1496 
Ptychocheilus oregonensis x Mylocheilus caurinus 1235 
Ptychocheilus oregonensis x Richardsonius balteatus 1235 
Pumpkinseed x bluegill 235, 545, 763, 1117, 1424 
Pumpkinseed 2x bluegill 388 


Pumpkinseed x sunfish, green 545, 763, 1424 
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Pumpkinseed? x sunfish, green“ 388 

Pumpkinseed x sunfish, longear 763, 1424 
Pumpkinseed ? x sunfish, longearo 388 

Pumpkinseed x sunfish, orangespotted 1424 
Pumpkinseed x sunfish, orange spotted 763 
Pumpkinseed x sunfish, redear 442 

Pumpkinseed x sunfish, redbreast 1424 
Pumpkinseed ° x sunfish, redbreastc 388 

Pumpkinseed x warmouth 763, 1424 

Pumpkinseed 2 x warmouths 388 

Pungitius pungitius x Gasterosteus aculeatus IEG 
Puntius? x carpc 412 

Puntius barbus semifasciolatus x Puntius barbus sachsi 590 


Pydzdyan x whitefish, piasina 889 


pe 
Rabbit LDH-1l x fluke LDH 1013 


Rainbow trout, golden pigment x rainbow trout, normal pigment ° 
1784 


Rainbow trout, normal-chimerac’ x rainbow trout, golden pigment ° 
1784 


Rainbow trout, normal pigmentc’ x rainbow trout, golden pigment ° 
1784 


Rainbow trout, palomino x rainbow trout, palomino? 1784 


Rainbow trout, palomino x rainbow trout, golden pigment ° 
1784 


Razbora heteromorpha x Carassius auratus 629 
Reba X carp, grass 694 
Reba x Rohu 694 


Rhinichthys x Richardsonius 1042 
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Rhinichthys x Semotilus 1042 

Rhinichthys x Tiaroga 1042 

Rhinichthys atratulus x Notropis cornutus 1353 

Rhinichthys atratulus x Semotilus atromaculatus 1352 
Rhinichthys cataractae x Rhinichthys atratulus 326 
Rhinichthys cataractae x Richardsonius balteatus 1496, 1523 
Rhinichthys osculus x Agosia chrysogaster 1105 

Rhinichthys osculus x Richardsonius balteatus 1478, 1496 
Rhinichthys osculus x Richardsonius cataractae 1478 
Rhinichthys osculus x Richardsonius egregius 1496 

Rhodeus ocellatus x Acheilognathus lanceolatus 1743 

Rhodeus ocellatus x Rhodeus sericeus amarus 1743 

Rhodeus sericeus amarus x Acheilognathus himantegus 1743 
Rhodeus sericeus amarus x Acheilognathus lanceolatus 1743 
Rhodeus sericeus amarus x Rhodeus ocellatus ocellatus 1743 
Rhodurus limbatus tabira x Rhodurus ocellatus ocellatus 1543 
Richardsonius balteatus x Mylocheilus caurinum 326 
Richardsonius balteatus? x Mylocheilus caurinum o 191 


Richardsonius balteatuseé x (Mylocheilus caurinum 0x Richardsonius 
balteatus 9) 9 192 


Richardsonius balteatus x Mylocheilus caurinus 1235 
Richardsonius balteatus x Rhinichthys cataractae 1235 
Richardsonius cataractae x Rhinichthys osculus 1478 
Richardsonius cataractae x Richardsonius balteatus 1478 
Richardsonius egregius x Gila bicolor 206 

Ripsha x siga 1182 

Ripus x Ludoga ludoga 889 


Ripus x sir 656, 969, 1181, 1443, 1610 
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Ripus x whitefish 1255 

Ripus sir x ryaposhka 606 

Rivulus milesi x Aphyosemion gardneri 1386 
Rivulus milesi x Epiplatys fasciolatus 91 
Rivulus roloffi x Aphyosemion bertholdi 1582 
Roach x bleak. 429,.1572 


Roach) x bream 3267364) .429,. 4737 4747 1690), 836a,) 838,914, 1327, 
P52 


Roach x chub 1147 

Roach x (roach x bream) 473 

Roache xerudd 17326," 3647/4297 667), T5061 1572), 1724) LIiZ6, 27 
Roach x Scardinius erythrophthalmus 429 

Roach, Black Sea x Vimba 1673 

Roccus americanus x bass, striped 1483, 1537 
Roccus chrysops x bass, striped 1483, 1537 
Roccus chrysops x Roccus saxatilis 836 

Roccus chrysops? x Roccus saxatilisc 300 
Roccus chrysopsc x Roccus saxatilis? 300 
Roccus sSaxatilis x bass, white 1750 

Roccus saxatilisg?x bass, yellows 300 

Roccus saxatilis? x perch, whites 300 

Roccus saxatilis x Roccus chrysops 260, 1750 
Roccus saxatilis? x Roccus chrysops<“ 300 
Rockfish o¢x bass, white 2? 322 

Rockfishe x bass, white o 322 

Rockfishe x bass, yellow oc 322 

Rohmenkarp, Ukranian x schupper, Ukranian 1081 


Rohu x Bata 53 
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Rohu x Calbasu 34, 53, 405, 406 

(Rohu x Calbasu) x Cyprinus cyprinus 405 
RohuYx Catia 53, 406 

Rohu x Mrigal 798 

Roloffi bertholdi x Roloffi geryi 91 

Roloffi bertholdi x Roloffi liberiensis 91 
Roloffi occidentalis x Aphyosemion cognatum 91 
Roloffi petersi x Aphyosemion cognatum 91 
Roloffi petersi x Aphyosemion schoutedeni 91 
Roloffi roloffi x Aphyosemion gardneri 91 
Roloffi roloffia x Roloffi chavtori 91 
Roloffi U-1l x Aphyosemion brueningi 88 
Roloffi U-1 x Roloffi brueningi 91 


(Roloffi U-1 x Roloffi brueningi) x (Roloffi U-1 x Roloffi 
brueningi) 91 


Roloffi U-1 x Roloffi brueninge (SL-15) 92 
Roloffi U-1 x firestone 88 

Rudd x bleak 290, 1726 

Rudd x bream 326, 429, 473, 474, 682, 836a, 838 
Rudd x bream silver 1251 

Rudd x roach 290, 473, 474, 836a, 838, 1788 
Rutilus frisii?x Vimba vimba vimbac 1673 


Rutilus rutilus x Abramis brama 289, 290, 429, 690, 740, 836a, 
838 ll O3rs 1698s. 1725 


(Rutilus rutilus x Abramis brama) x Abramis brama 1193 


(Rutilus rutilus x Abramis brama) x Scardinius erythrophthalmus 
1193 


(Rutilus rutilus x Abramis brama) x Blicca bjoerkna 1193 


Rutilus rutilus 9 x Acerina cernua ° 1349 
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Rutilus rutilus x Alburnus alburnus 290, 1253 
Rut? lus *rutilus.x Blicca ‘bjoerkna’ 290, 1193, 1253, 1382, 1698 
(Rutilus rutilus x Blicca bjoerkna) x Rutilus rutilus 1193 


(Rutilus rutilus x Blicca bjoerkna) x Scardinius erythrophthalmus 


1193 

(Rutilus rutilus x Blicca bjoerkna) x (Scardinius erythrophthalmus 
x Blicca bjoerkna) 1193 

Rutilus rutilus x Chondrostoma nasus_ 1193 

RUGCTLUS TUcLlus “xX Gobro’ gobio. 11981369, 1370 

Rutilus rutilus x Leuciscus danilewski 1193, 1543 

Rutilus rutilus x Scardinius erythrophthalmus 290, 1193, 1253, 
L2G 27 

RuecMiUus ructilus % Tinca ¢inca, 1193 

Rutilus rutilus carpathorossicus x Abramis brama danubii 241 


Rutilus rutilus carpathorossicus x Alburnus alburnus alburnus 


241 

Rutilus rutilus carpathorossicus x Blicca bjoerkna bjoerkna 241 
Rutilus rutilus carpathornicus x Cyprinus carpio 471 

Rutilus rutilus carpathornicus? x Leuciscus iduso 471 

Rutilus rutilus carpathorossimus x Blicca bjoerkna bjoerkna 739 
Rybets x golovy 1193 

=o 

Sabanejewia aurata balcanica x Sabanejewia aurata bulgarica 246 
Sabanejewia aurata balcanica x Sabanejewia aurata radnensis 246 
Sabanejewia aurata balcanica x Sabanejewia aurata vallachia 246 


Sabastodes rubrivinctus x Sebastodes crameri 


1269 


Sacrocheilichthys senensis lacustris x Carassius Carassius 
1370 


Sacrocheilichthys sinensis lacustris x Carassius carassius 
1369 
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Salmo x Oncorhynchus 425 

Salmo x Salvelinus 1259 

Salmowx iecout, sea 1272 

Salmo aguabonita x Salmo clarki 425, 1399 

Salmo aguabonita? x Salmo clarkic 491 

Salmo aguabonita x Salmo gairdneri 425, 491, 1397, 1399 
Salmo aguabonita x Salmo gairdneri irideus 491 

Salmo aguabonita x Salmo gilberti 1397 

(Salmo aguabonita x Salmo gilberti) x trout, rainbow 1397 
Salmo aguabonita gilberti x trout, rainbow 90 

Salmo alpinus x Salmo eriox 2 

Salmo apache x Salmo clarki 1105 

Salmo apache x Salmo gilae 1096 

Salmo apache x Salmo gairdneri 1105 

Salmo apache x trout, rainbow 275 

Salmo clarki x Salmo Aguabonita 491 

Salmo: Clarki x Salmo gairdneri 491, 636, 1170, -1235,.1360 
(Salmo clarki x Salmo gairdneri) x Salmo clarki 1360 


(Salmo clarki x Salmo gairdneri) x (Salmo clarki x Salmo gairdneri) 
1360 


Salmo clarki bouvieri x Salmo clarki lewisi 967 
Salmo clarki henshawi x Salmo gairdneri 275 
Salmo clarki henshawi x trout, rainbow 271 

Salmo clarki seleniris x trout, rainbow 271, 275 
Salmo clarkii x trout, rainbow 1040 

Salmo clarkii lewisi x Salmo gairdneri 1466 
Salmo clarkii seleniris x Salmo gairdneri 1039 


Salmo fario9g x Coregonus lavaretus baeric 1364 
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Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 


Salmo 


Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 


Salmo 


fario x Salmo fontinalis 263 

farloyx, Salmo salar, , 1503 

fario? x Salmo salvelinusS 669 

fariowx Salmortrutta -503, 80 

fario x Salmo trutta fario 1503 

fario lac? x Coregonus lavaretus baeric 1364 
fontinalis x Oncorhynchus masou’ 1070 
fontinalis x Oncorhynchus rhodurus 1070 
fontinalis? x Salmo levenensis co 5 
fontinalis? x trout, Loch Leven. 6 
gairdneri? x Anchoa compressac 491 
gairdneri? x Atherinops affinisc 491 
gairdneri? x Oncorhynchus kisutcho 304, 425, 426 
gairdneric' x Oncorhynchus kisutch? 426 


gairdneri? x Oncorhynchus masou co 425, 1089, 1550, 1551, 
552 


gairdneri? x Oncorhynchus nerka o 425, 1552 
gairdneri? x Oncorhynchus rhoduruso 425, 1550, 1551, 1552 
gairdneri x Oncorhynchus tshawytscha 491 

gairdneri x Perca flavescens 344, 335, 491, 1066 
gairdneric' x Perca flavescens? 1065 

gairdneri? x Salmo aguabonitac 634, 635 

gairdneri x-Salmo clarki 272, 284, 491, 1105, 1625 
gairdneri x Salmo clarki originalis 1710 

gairdneri x Salmo clarki pleuriticus 1710 
gairdneri x Salmo clarki stomias 1710 

gairdneri x Salmo clarkii 269 


gairdneri x Salmo clarkii lewisi 1037 
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Salmo 


Salmo 


Salmo gairdneri? x Salmo trutta % 304, 491, 706, 870, 1549, 


gairdneri? x Salmo salarc 304 


gairdneri x Salmo trutta 508, 706, 810 


T5507, W552 


(Salmo gairdneri x Salmo trutta) x Salmo trutta 491, 706, 


Salmo 
Salmo 
Salmo 
Salmo 


Salmo 


Salmo 
Salmo 
Salmo 


Salmo 


Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 
Salmo 


Salmo 


gairdneri x Salmo trutta fario 62 

gairdneri x Salmo trutta marmoratus 62 
gairdneri x Salmothymus obtusirostris 62 
gairdneri x Salvelinus fontinalis 393, 491, 508 


gairdneri? x Salvelinus fontinalisco 305, 386, 1549, 
ESS Or S52 


Garraneri? x Salvelinus pluvius-o W550 7 155i se 552 
gairdneri? x splakeo’ 1549 
gairdneric x Tribolodon hakoneansis 2 491 


gairdneri - Hot Springs strain x Salmo gairdneri - 
Mt. Whitney strain 373 


gila x trout, rainbow 1153 

gilae x Salmo gairdneri 1105 

grlae x trout; “rainbow ’’275 
GQriberti x trout, “rainbow "1397 
gorbuscha x Salmo keta 1543 
gorbuscha? x Salmo ketacs 1543 
gorbuscha x Salmo milktschitsch 1543 
irideus ? x Oncorhynchus ketac 1380 
irideus x Salmo clarkii 16 

irideus x Salmo shasta 1778 
irideus x Salmo trutta 348, 868 
irideus? x Salmo truttac 516 


irideus x Salmo trutta fario 733 
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870 


Salmo irideus? x Salvelinus fontinalisS 1543 


Salmo keta x Salmo gorbuscha 1543 


Salmo keta x Salmo milktschitsch 1543 


Salmo keta x Salmo nerka 1543 


Salmo levenensis x Salvelinus fontinalis 696 


Salmo macrostoma? x hybrid “ 892 


Salmo marmoratus x Salmo fario 1211 


Salmo milktschitsch x Salmo gorbuscha 1543 


Salmo milktschitsch x Salmo keta 1543 


Salmo milktschitsch? x Salmo masouc 1543 


Salmo nerka x Salmo milktschitsch 1543 


Salmo salar? x Oncorhynchus kisutchc 304 


Salmo salar x Oncorhynchus nerka 667 


Salmo salar x Salmo fario 1503 


Salmo salar? x Salmo fariocw 669 


Salmo salar9g x Salmo gairdneric 304 


Salmo salar x Salmo levenensis 5, 696 


Salmo, Sal anex Salmo eruttéa, i268, j297 V4 2 bie 4298 4 OA Oe MS Sihe 


O27; OO. 1051), 


6827 O9lSe ly ISS L004) OO Seal 2isr 


2445) 1272; 1293, A326; 1334; S56, 2843371 S03) 15437 
ILS isyael aleve (alas sepa raWsyexs} 


Salmo salar? x Salmo 
(Salmo salar x Salmo 


(Salmo salar x Salmo 
2A Ee ab 334. 


Salmo salar? x Salmo 


truttast 304, 426, 491, 1549, 1551 
trutta) x Salmo trutta 297 


trutta) x (Salmo salar x Salmo trutta) 


trutta fariod’ 425 


Salmo salar x Salmo trutta-fario 491 


Salmo salar x Salmo trutta trutta 841 


Salmo salar? x Salmo 


trutta truttac 425, 1542 
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2G 


1544, 


Salmo salar x Salvelinus alpinus 984 


Salmo salar x Salvelinus fontinalis 425, 498, 627, 1004, 1005, 
1029 


Salmo salar? x Salvelinus fontinalis® 304 

Salmo salar x Salvelinus namaycush 498 

Salmo salvelinus? x Salmo fario® 669 

Salmo salvelinus x Salmo trutta 923 

Salmo salvelinus salvelinus? x Salmo namaycushco 1497, 1498 
Salmo trutia x Salmo salar 425 

Salmo truttas xX Lota marmorata? 923, 927 

Salmo trutta x Oncorhynchus keta 491 

Salmo trutta? x Oncorhynchus kisutchS 304 


Salmo trutta2 x Oncorhynchus masouc% 425, 1552, 1544, 1549, 1550, 
BS SSuli 


Salmo trutta? x Oncorhynchus masouc 1554 

Salmo trutta? x Oncorhynchus nerkac 425, 1550 

Salmo trutta? x Oncorhynchus rhodurus &% 425, 1549, 1550, 1551 
Salmo trutta? x Salmo farioc&® 669 

Salmo trutta? x Salmo gairdneric 304, 491, 1550, 1552 

Salmo truttas’ x Salmo gairdneri? 678 

Salmo trutta x Salmo irideus 348, 868 

Salmo trutta x Salmo marmoretus 268 


Salmo trutta x Salmo salar 387, 498, 1004, 1005, 1031, 1248, 
1503 


Siadilmo) seruUcea? x Salmo salaricd 304, 425, 12721549 l>507 
ILS Sl 


Salmo trutta x (Salmo salar x Salmo trutta) 491, 1433 

Salmo trutta? x (Salmo salar? x Salmo trutta’)oc 1544 

Salmo trutta x (Salmo trutta x Salmo salar) 498 

Salmo trutta2 x (Salmo trutta2 x Salvelinus fontinalis’)¢ 1544 
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Salmo.tructa 2x) salmonio. 1272 
Salmo trutta x Salvelinus alpinus 425, 691, 1711 


Salmo. enucca- x Salvelinuss fontunalzrs: 51. a4 0), 1/2" 4 386, 
SYS SVP IE pe IRS ee LOLS pes LAO Sys IANEN Sy) LAC) @) ake 


Salmo trutta? x Salvelinus fontinaliso 304, 425, 491, 1544, 
T5267 SAO eS SO eS Sle i552 


Salmo trutta x Salvelinus malma 425 

Salmo trutta 9x Salvelinus pluviusc 1544, 1546, 1549, 1551, 1552 
Salmo trutta* x Salmo fario 2 1503 

Salmo trutta x Thymallus vulgaris 491 

Salmo trutta fario x Salmo gairdneri 62 

Salmo trutta farioq x Salmo gairdneris 62 

Salmo trutta fario x Salmo irideus 733 

Salmo trutta fario x Salmo salar 951 

Salmo trutta fariogw x Salmo salar? 678 

Salmo trutta fario x Salmo trutta marmoratus 62 

Salmo trutta fario x Salmothymus obtusirostris 62 
Salmo trutta fario x Salmothymus obtusirostris oxyrhynchus 491 
Salmo trutta fario x Salvelinus fontinalis 237 

Salmo trutta fariq@ x Salvelinus fontinalis 3385 

Salmo trutta-fario x Coregonus lavaretus baeri 491 
Salmo trutta-fario? x Lota marmorata o 491 

Salmo trutta-fario x Salmo salar 491 

Salmo trutta-fario x Salvelinus alpinus-salvelinus 491 
Salmo trutta-fario x Salvelinus alpinus-umbla 491 
Salmo trutta-fario x Salvelinus fontinalis 1681 

Salmo trutta-levensis x Salvelinus fontinalis 491 


Salmo trutta marinacd’ x Salmo trutta fario? 426 
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Salmo trutta 
Salmo trutta 
Salmo trutta 
Salmo trutta 


Salmo trutta 
894 


Salmo trutta 

Salmo tshawyt 
Salmo tshawyt 
Salmo tshawyt 
Salmon x char 
Salmon? x cha 
Salmon x cha 
Salmon x (sal 
Salmonc x sal 


Salmon x trou 
1630 


Salmon ° x tro 
Salmon<o x tro 
Salmon. x tro 
Salmon x trou 
Salmon x trou 
Salmon ° x tro 
(Salmon x tro 
Salmon x trou 
Salmon ° x tro 
Salmon x trou 


Salmon x trou 


marmoratus x Salmo trutta fario 62 

marmoratus xX Salmo gairdneri 62 

morpha farioo x Salvelinus gairdneri irideus? 894 
morpha farioc x Salvelinus marmoratus? 894 


morpha farioo x Salvelinus obtusirostris oxyrhynchus ? 


trutta x Salmo trutta marmoratus 1606 
scha x Salmo gorbuscha 1543 
scha x Saimo keta 1543 
scha x Salmo nerka 1543 
5507, 1259, U3si7),° i540 
ro 1541 
fm ACEC “i259 
mon x trout) 1214 
mon, sockeye ° 30 


t 87, 326, 429, 474, 682, 1050, 1205, 1214, 1494, 


uto 1214 

ut 2% 1367 

ut, blueback ° 30 

t, brook =1259')7205407 wiis4i 

t,, brown’ 658)-21397),7,01630),, POT ES66 

ut, brown" 460, 1630 

ut, brown) x (Salmon x trout, brown) 1630 
,  budsis daleu! 

ut, himeo 1574 

t, Lake 1541 


t, rainbow 658, 1540, 1541 


Salmon? 


Ser tesOUe, 


river 501 


Salmon¢e x trout, Saghalin < 990 


70, 


Salmon, x trout, sea ~ 415,43) 45) 46)" 50) 257, 
Aoi. SIZ, 531, 6817 S41) lsd el 366 

(Salmon x trout, sea) x trout, sea 45 

(Salmon x trout, sea) x salmon 45 

Salmons xX trout, sed?" 990 

Salmone x trout, sea o& 811, 1050, 1161, 1272 

Salmonc x trout, sea? 1367 

Salmon, Atlantic x char; VvArctic! 626 

Salmon, Atlantic? x char Arctic co 1259 

Salmon, Atlantic x charr, Arctic 984 

Salmon, Atlantic x salmon, coho 304 

Salmon, Atlantic x trout /Sbnook:<304 951259 

Salmon, Atlantic x trout, brown 390, 474, 689, 

Salmon, Atlanticg x trout, brown 947 

Salmon, Atlantic’ x trout, brown 2? 394 

Salmon, Atlantic x trout, salmon 474 

Salmon, Atlantic x trout, sea 474, 1213 

Salmon, Atlantic x trout, rainbow 1050 

Salmon, California? x trout o& 1312 

Salmon, cherry x salmon, sockeye 1089 

Salmon, chinook x salmon, chum 254, 1210 

Salmon, chinook? x salmon, cohoS 986 

Salmon, chinook x salmon, masou 143 

Salmon, chinook x salmon, pink 254, 993, 1210 

Salmon, chinook? x salmon, pink ©“ 986, 1208 

Salmon, chinooko x salmon, pink? 553, 1210 
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983:, 


VS jeu 


svat 


(Salmon, chinook x salmon, pink) x salmon, chinook 1210 
Salmon, chinook? x salmon, silverc 328 

Salmon, chinook x salmon, sockeye 491, 930 

Salmon, chinook? x salmon, sockeye“ 986 

Salmon, chinook x trout, brook 1050 

Salmon, chum @x char, Siberian & 226 

Salmon, chum’ x char, Siberian ? 226 

Salmon, chum x cod, Pacific 1424 

Salmon, chum x salmon, chinook 1216 

Salmon, chum? x salmon, chinook o 226, 986 

Salmon, chumo x salmon, chinook 9 226 

Salmon, chumco x salmon, coho? 226 

Salmon, chum 9x salmon, coho 226 

Salmon, chum x salmon, kokanee 1578, 1581 

Salmon, chum? x salmon,kokanee o 226, 491, 1381, 1576, 1579, 
Salmon, chumo x salmon, kokanee @ 226, 1575 

Salmon, chum x salmon, pink: °98, :1707) 491771823), \930pcl102) 
Salmon, chum x salmon, pink 226, 787, 986 

Salmon, chumc' x salmon, pink 2 18, 40, 226, 446, 1764 
Salmon, chum x salmon, sockeye 76, 491, 930 

Salmon, chumo’ x salmon, sockeye? 1, 226, 446, 1764 
Salmon, chum 2x salmon, sockeye “ 986 

Salmon, coho x salmon,chinook 1424 

Salmon, coho? x salmon, chinook o 304, 986 

Salmon, coho? x salmon, pink< 986 

Salmon, coho? x trout, brooka 304, 1634 


Salmon, coho x trout, rainbow 1424 
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1580 


1424 


Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 


Salmon, 


cohos x trout, rainbow ? 678 

G@warf x trout 487 

fall pink? x salmon, spring chinook 1208 
king x salmon, red 8:09 

kokanee x salmon,chum 1578 

kokanee? x salmon,chumco’ 1576, 1580 
Pandlocked) x trout Y -205 

land-locked x trout, brook 645 
landlocked @ x trout, browncs 1049 
landlocked ? x trout, rainbow o« 1049 

masou x Salmon, chinook 143 

masu xX Salmon, humpback 33 

masuQ xX Salmon pink o 186 

pink x salmon, chinook 491, 143, 930, 1632 
pink” x salmon, chinook ? 553 
pinkaxosalmon=chum 3777397740 76yesOs, M030 
pink? x salmon, chum oc 986, 1763 

pinko x salmon chum ? 446, 1764 

pink” x salmon, coho? 18 


pink? x salmon, fall chinook oc 1208, 1209 


Salmon, pink? x salmon, masuc 186 


Salmon, pink x salmon, red 603 


Salmon, 
Salmon, 
Salmon, 
Salmon, 


Salmon, 


pink x salmon, sockeye 76, 491 

pink? x salmon, sockeye o 621, 986 
pinko& x salmon, sockeye ? 1, 48, 1764 
pinks x salmon, spring? 18, 446 


pink’ x salmon, spring chinook 2? 1210 
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Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 
Salmon, 


Salmon, 


pink? x trout, Dolly Varden o 986 
rainbow x salmon, Atlantic 304 

redo x salmon, humpback? 8:09 

red x salmon, king 809 + 
Siberian x salmon, humpback 58 

silver x salmon, king 603 

sockeye? x salmon, chinook 986 
sockeye x salmon, chum 491, 930,1102, 1210 
sockeyeon X salmon chumo 446, 1764 
sockeye? x salmon, coho o 986 

sockeye x salmon, pink 1102 

sockeye x salmon, pink? 18, 48, 1764 
sockeye? x salmon, pink o& 986 

sockeyec x salmon, spring? 446 
sockeye x trout, brook 1424 

springs x salmon, chum 9? 18 

spring x salmon, pink 1102 

springo x salmon pink? 446 

springo’ Xx salmon, sockeye? 18, 446 


spring chinook? x salmon, pinka 1209 


Salmon-trout? x grilseco 3 


Salmothymus obtusirostris x Salmo gairdneri 62 


Salmothymus obtusirostris x Salmo trutta fario 62 


Salmothymus obtusirostris x Salmo trutta marmoratus 


Salvelinus x Oncorhynchus 425 


Salvelinus x Salmo 19, 425 


Salvelinus alpinus x Coregonus lavaretus 491, 923, 


Salvelinus alpinus x Salmo trutta 491 
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62 


O27), 


Salvelinus 
1193, 


Salvelinus 
Salvelinus 
Salvelinus 
Salvelinus 
Salvelinus 
Salvelinus 
Salvelinus 
Salvelinus 
Salvelinus 


Salvelinus 
aS Sale 


alpinus 
1544 


alpinus 
alpinus 
alpinus 
alpinus 


alpinus 


alpinus- 


x Salvelinus fontinalis 491, 696, 841, 984, 


x Salvelinus leucomaenis 671 

x Salvelinus malma 1058 

x Salvelinus trutta (lacustris) 4 
aureolus x Salvelinus namaycush 397 
(salvelinus)? x Salmo trutta (fario)c 491 


salvelinus x Salmo trutta (lacustris) 491 


confluentus x Salvelinus fontinalis 274, 396 


confluentus x Salvelinus malma 274 


fontinalis? x Oncorhynchus kisutcho 1634 


fontinalis? x Oncorhynchus masouc 297, 1544, 1549, 1550, 


1575 


Salvelinus fontinaliso x Oncorhynchus masou@ 872 


(Salvelinus fontinalis x Oncorhynchus masou) x (Salvelinus 
fontinalis x Oncorhynchus masou) 1544 


Salvelinus fontinaliso x Oncorhynchus nerkao 491, 1544, 1549, 


1550; 


PSS; 


IB SyT LS) 


(Salvelinus fontinalis x Oncorhynchus nerka) x Salvelinus 
fontinalis 


1544 


Salvelinus fontinalis? x Oncorhynchus rhoduruscé 491, 776, 1544, 


1549, 


1550), 


1551,¢2575 


Salvelinus fontinaliso x Oncorhynchus rhodurus ? 872 


(Salvelinus fontinalis x Oncorhynchus rhodurus) x Salvelinus 
fontinalis 


1544 


Salvelinus fontinalis x Salmo gairdneri 387 


Salvelinus fontinalis9? x Salmo gairdnerica 393 


Salvelinus fontinalisgy x Salmo gairdneri 9 678 


Salvelinus fontinalis9 x Salmo macrostomag 892 


Salvelinus fontinalis9 x Salmo malmag 425 


Salvelinus fontinalis x Salmo trutta 497, 691 
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Salvelinus fontinalis? x Salmo truttac 1516 


Salvelinus fontinalis? x (Salmo trutta? x Salvelinus fontinalis’) ¢ 
1544 


Salvelinus fontinaliso x Salmo trutta fario? 678 
Salvelinus fontinalis x Salvelinus alpinus 387, 425, 503, 508 
Salvelinus fontinalis? x Salvelinus alpinusc 935 


Salvelinus fontinalis? x (Salvelinus fontinalis? x Salvelinus 
namaycush¢o) « 1543 


Salvelinus fontinalis? x (Salvelinus fontinalis? x Salvelinus 
pluvius da 1544 


Salvelinus fontinalis9 x (Salvelinus fontinalis? x (Salvelinus 
pluvius 9x Salvelinus fontinalis«)o) ¢ 1544 


Salvelinus fontinalis x Salvelinus namaycush 9, 213, 214, 215, 
217, 232, 294, 295,. 296, 454, 466, 467,491, 496, 50577555) 
572.630; 637, 780:,. 799, 859, 867), 1OL6;) LO2ZOF ATOZ Oa Se 
1052, 1252, 1177, 1217, 1249, 1502, 1528, 25437) 5445s 

Salvelinus fontinalisy x Salvelinus namaycush9 425, 597 


(Salvelinus fontinalis x Salvelinus namaycush) x Salvelinus 
fontinalis 1052 


(Salvelinus fontinalis x Salvelinus namaycush) x Salvelinus 
namaycush 1052 


(Salvelinus fontinalis x Salvelinus namaycush) x (Salvelinus 
fontinalis x Salvelinus namaycush) 1052 


Salvelinus fontinalis? x Salvelinus pluvius ¢ 1544, 1549, 1550, 
L551 


Salvelinus fontinalis? x (Salvelinus pluvius? x Salvelinus 
fontinaliso) ao 1544 


Salvelinus fontinalis? x ((Salvelinus pluvius 2? x Salvelinus 
fontinaliso)? x Salvelinus pluviusc)s 1544 


(Salvelinus fontinalis x Salvelinus pluvius) x (Salvelinus 
fontinalis x Salvelinus pluvius) 1544 


Salvelinus fontinalis? x (Salvelinus pluvius? x Salvelinus 
pluviusoc) « 1544 


Salvelinus fontinalis x Salvelinus timagamiensis 272 


Salvelinus fontinalis x trout, Dolly Varden 565 
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Salvelinus fontinalis? x trout, rainbows 892 
Salvelinus fontinalis namaycush? x Coregonus albusc 491 


Salvelinus fontinalis, wild x Salvelinus fontinalis, domestic 
WATT) 


Salvelinus gairdneri irideusc x Salmo trutta morpha fario? 894 
Salvelinus gairdneri irideus x Salvelinus marmoratus 894 


Salvelinus gairdneri irideus°% x Salvelinus obtusirostris oxyrhynchus ? 
894 


Salvelinus levenensis? x Salvelinus fontinalisS 931 
Salvelinus malma x Salmo fontinalis 11 

Salvelinus malma x Salvelinus confluentus 397 

Salvelinus malma x Salvelinus fontinalis 491, 1235 
Salvelinus malma? x Salvelinus fontinalis©S 425, 1543 
Salvelinus malma-pluvius®? x Salvelinus fontinalis “° 491 
Salvelinus marmoratus*% x Salmo trutta morpha fario? 894 
Salvelinus marmoratus x Salvelinus gairdneri irideus 8:94 
Salvelinus marmoratuso% x Salvelinus gairdneri irideus? 894 


Salvelinus marmoratusc% x Salvelinus obtusirostris oxyrhynchus °? 
894 


Salvelinus miyabei x Salvelinus fontinalis 708 

Salvelinus miyabei? x Salvelinus fontinalis “ 1558 

Salvelinus namaycush x Salmo trutta 508 

Salvelinus namaycush x Salvelinus fontinalis 72, 274, 291, 352, 
AO Si Deis 594, 595), sOsSy 695 als 7Oy 9455 V956n S84 OSs. NOs, 
TAS) 2725 Lael WAsS2F 549.5 1590 

Salvelinus namaycush? x Salvelinus fontinalis<% 491, 593, 1146, 1549 


(Salvelinus namaycush x Salvelinus fontinalis) x Salmo trutta 
1549 


Salvelinus namaycush x trout, brook 956, 1031 


Salvelinus obtusirostris oxyrhynchusc x Salmo trutta morpha fario 9 
894 
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Salvelinus obtusirostris oxyrhynchuso x Salvelinus gairdneri irideus 9 
894 


Salvelinus obtusirostris oxyrhynchuso x Salvelinus marmoratus? 
894 


Salvelinus pluvius x Oncorhyncus masou 691 
Salvelinus pluviusog x Oncorhynchus masouc 1549, 1550 
Salvelinus pluviusg x Oncorhynchus nerkac 1550 


Salvelinus pluviusg x Oncorhynchus rhodurus o 1549, 1550, 1551, 
55255. 5/5 


Salvelinus pluviusg x Salmo gairdneric’ 1550 
Salvelinus pluvius? x Salmo gairdneri (albino) 1550 
Salvelinus pluvius x Salvelinus fontinalis 691 


Salvelinus pluvius? x Salvelinus fontinalisco 1552, 1544, 1549, 
SSO.) aS Sas lSs7i5 


Salvelinus pluvius 9 x (Salvelinus fontinalis? x Salvelinus 
pluviuso) o 1544 


(Salvelinus pluvius x Salvelinus fontinalis) x Salvelinus 
fontinalis 1544 


(Salvelinus pluvius x Salvelinus fontinalis) x Salvelinus 
pluvius 1544 


(Salvelinus pluvius x Salvelinus fontinalis) x (Salvelinus 
pluvius x Salvelinus fontinalis) 1544 


Salvelinus pluvius? x Salvelinus fontinalis fontinalis® 491, 830 


Salvelinus pluvius? x (Salvelinus pluvius? x Salvelinus 
fontinaliso)s" 1544 


Salvelinus pluvius? x ((Salvelinus pluvius? x Salvelinus fontinalis¢c)? 
x Salvelinus fontinalisoc)}*s 1544 


Salvelinus pluvius@? x ((Salvelinus pluvius? x Salvelinus fontinalis¢)? 
x Salvelinus pluviuso)? 1544 


Salvelinus pulvius x Oncorhynchus masou 1489 
Salvelinus pulvius? x Oncorhynchus rhodurus ¢ 1576 
Salvelinus pulvius x Salvelinus fontinalis 1554 


Salvelinus salmo x Salmo trutta 625 


474 


Samka x 
Samka x Sima 
Samka x 


Samka x 


Samka, 


Sanshiki-demekin x oranda-shishigashira 


ripus 


relysa x comesh lydoga 


UST 


S10 


sir samesh 1181 


torbosh 910 


119s 
190 


Sanshiki-demekin x ryukin 190 


Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 


Sarotherodon 


andersonii x Sarotherodon macrochir 231 


andersonii x Sarotherodon mossambicus 231 


aureus 9 x Sarotherodon hornorumc 231 
aureus 2? x Sarotherodon mossambicus ¢ 231 
aureus °? x Sarotherodon niloticac 231 


aureus x Sarotherodon niloticus 1669a 


galilaeus x Sarotherodon niloticus 231 


hornorumd x Sarotherodon aureus? 231 


hornorum? x Sarotherodon macrochire 231 


hornorum? x Sarotherodon mossambicuso 231 


hornorums’ x Sarotherodon mossambicus? 231 


hornorum? x Sarotherodon niloticac® 231 


hornorumc’ x Sarotherodon niloticus? 329 


hornorumc x Sarotherodon vulcani? 231 
macrocephalus x Sarotherodon niloticus 231 
macrocephalus x Tilapia tholloni 231 
macrochir? x Sarotherodon andersoniic’ 231 
macrochir? x Sarotherodon mossambicusc 231 
macrochir? x Sarotherodon nilotica o 231 
mortimeri x Sarotherodon andersonii 231 
mossambica x Sarotherodon niloticus 577a 
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Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 


Sarotherodon 


mossambicus? x Sarotherodon andersoniic’ 231 


mossambicus? x Sarotherodon aureus “ 231 


mossambicus® x Sarotherodon hornorumc 231 


mossambicuso& x Sarotherodon 


mossambicus? x Sarotherodon 


hornorum? 231 


leucostictusco 231 


Sarotherodon mossambicus x Sarotherodon macrochir 231 


Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 


Sarotherodon 


mossambicus? x Sarotherodon 
mossambicus? x Sarotherodon 
mossambicus? x Sarotherodon 
mossambicusc% x Sarotherodon 
mossambicus? x Sarotherodon 
mossambicus? x Sarotherodon 
mossambicus x Tilapia tholloni 


niloticus x Sarotherodon aureus 


macrochirc 231 
nigrusc 231 
niloticag 231 

Ni lOtica eZ 3h 
NIIOCICUSH 223, 248 
variatusc 231 

231 

851 


niloticus 9x Sarotherodon aureuss 231 


niloticus x Sarotherodon hornorum 972 


niloticus ?x 
NULOETCUS? *X 
nploeicus. 2 x 
niloticus? x 
niloticusc x 
niloticus?’ x 


niloticuso x 


niloticus x Tilapia tholloni 


spilurus 
spilurus 
spilurus 


spilurus 


Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 
Sarotherodon 


Sarotherodon 
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hornorums 231 
leucostictus & 231 
macrochirc&® 231 
mossambicus & 231 
mossambicus ? 231 
nigruss 231 
variabilis9? 231 


231: 


nigrus? x Sarotherodon aureus S 231 
nigrus? x Sarotherodon hornorum & 231 
nigrus? x Sarotherodon leucostictusS 231 


nigrus? x Sarotherodon macrochir¢’ 231 


Sarotherodon spilurus nigrus x Sarotherodon mossambicus 231 
Sarotherodon spilurus nigrus? x Sarotherodon niloticus’ 231 
Sarotherodon spilurus nigrus9 x Sarotherodon variabilisoé® 231 
Sarotherodon spilurus nigrus x Tilapia zilli 231 
Sarotherodon variabilis? x Sarotherodon vulcanic 231 
Sarotherodon vulcani x Sarotherodon aureus 231 

Sarotherodon vulcani? x Sarotherodon aureusc 231 
Sarotherodon vulcani? x Sarotherodon hornorumc’ 231 
Sarotherodon vulcani? x Sarotherodon leucostictusc 231 
Sarotherodon vulcani? x Sarotherodon macrochir o 231 
Sarotherodon vulcani? x Sarotherodon variabilis ¢ 231 

Sauger xX wWalieye 1144, 1424 

Sawbelly, Korean? x carpco 1371 

Sazan x carp 788, 1603 

Sazan? x carpo 1001 

Scardinius erythrophthalmus x Abramis brama 290, 836a, 838, 1193 


Scardinius erythrophthalmus x Alburnus alburnus 290, 1193, 1253, 
1359, 1698 


Scardinius erythrophthalmus x Blicca bjoerkna 290, 1193, 1253, 
1698 


(Scardinius erythrophthalmus x Blicca bjoerkna) x Abramis brama 
1193 


(Scardinius erythrophthalmus x Blicca bjoerkna) x Blicca bjoerkna 
1193 


(Scardinius erythrophthalmus x Blicca bjoerkna) x Rutilus rutilus 
1193 


(Scardinius erythrophthalmus x Blicca bjoerkna) x Scardinius 
erythrophthalmus 1193 


Scardinius erythrophthalmus x Cyprinus carpio 1193 


Scardinius erythrophthalmus x Esox lucius 1193 
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Scardinius erythrophthalmus 2? x Esox luciusS 1349 

Scardinius erythrophthalmus x Gardonus nitilus 1359 

Scardinius erythrophthalmus x Leuciscus leuciscus 1253 

Scardinius erythrophthalmus x Leuciscus turskyi 1383 

Scardinius erythrophthalmus x Rutilus rutilus 290, 836a, 838, 1253 


Scardinius erythrophthalmus x (Scardinius erythrophthalmus x 
Blicca bjoerkna) 1193 


Scardinius erythrophthalmus x Tinca tinca 1193 


Scardinius erythrophthalmus erythrophtha x Blicca bjoerkna 
bjoerkna 241 


Schilbeodes mollis x Schilbeodes miurus 1076 

Schilbeodes noturus-miurus x Schilbeodes nocturnus 1076 
Schizothorax labiatus x Oreinus sinuatus griffithii 1595 
Schizothorax saltans x Schizothorax intermedius 1193 
Schleierbarbe x Prachtbarbe 504 

Schupper, Ukraniang x carp, Ukraniano 1081 

Scomber scombrus x Fundulus heteroclitus 1319 
Scomberomorus maculatus x Scomberomorus cavalla 292 
Scophthalmus rhombus? x turbot °% 806 

Sebastes marinus x Sebastes mentella 149 

Sebastodes aurora x Sebastodes diploproa 1269 

Sebastodes ovalis x Sebastodes hopkinsi 1269 

Severya x sterleta 885 

sevroga x osetr 1193 

Semotilus atromaculatus x Campostoma anomalum 1352, 1353 
Semotilus atromaculatus x Clinostomus elongatus 1352 
Semotilus atromaculatus x Nocomis biguttatus 1352 


Semotilus atromaculatus x Rhinichthys atratulus 1352 
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Semotilus atromaculatus x Rhinichthys cataractae 1353 
Shima? x Oncorhynchus gorbuscha “ 906 
Shima-dojo x madojo 1543 

Shiner, common x chub creek 1352 

Shiner, common? x shiner, rosyfaceo 545 
Shiner, common x stoneroller 1144 

Shiner, redside x chub peamouth 326, 390 
Shiner, rosyface x shiner, common 545 

Sir x ripus 656, 1443 

Skiffia francesae x Skiffia multipunctata 848 
SinliSyx, R2vulus roloffi: 1582 

SlEZ9ex SLs - 1582 

SEZ9p x (SLZ9 x, SiS) ©1582 

SL-29 x SL-18 88 

SL=-29 x SL F3 88 

SL-29 x Aphyosemion roloffi 88 

Softmouth x trout, brown 894 

Softmouth neretva x salmon, neretva 894 
Spiegelkarpfen x karausche 131 

Spinachia x Gasterosteus 1193 

Spinachia vulgaris x Gasterosteus aculeatus 1193 
Splake x charr, lake 297 

Splake? x charr, lake g 297 

Splake x (splake x trout, brook) 1146 

Spikake! x rout, brook 213), 4915, 1031, 1.050 
Splake? x trout, brookao 695a, 1146, 1793 


Splakeo x trout, brook9 491 
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(Splake x trout, brook) x trout, brook 1050 


Splake? x trout, lake” 213 


Splakeo* x trout, lake 9 1502 


Splake F 


x Splake F 


1 1052 


Splake F, x char brook 1052 


Stamn, Ukranian? x carp, Amuro 1081 


Stamn, Ukranian x karp, ropscha 1081 


Stamn, Ukranian? x stamn, ropshac 1081 


Stamn, Ukranian x wild-carp, Amur 1081 


Stellata x sevruga 


Stellata x oster 13 


Stenodus 
Stenodus 
Stenodus 
Stenodus 


Stenodus 


leucichthys 
leucichthys 
leucichthys 
leucichthys 


leucichthys 


S27 

27 

x Coregonus autumnalis 272 
x Coregonus muksun 272 


x Coregonus pidschian 272, 453 


nelma x Coregonus autumnalis 922 


nelma xX Coregonus muksun 922 


Stenotomus x Ctenolabrus 873 


Sterlet x beluga 36 


O, 797 sn 9S 


Sterlet x (beluga x sterlet) 251, 370, 1193 


Sterlet? x osetro 3 


Sterlet x sevruga 3 


Sterlet x sturgeon 


67 
69 


TOW, ele2o4: 


Sterlet? x sturgeonc 368 


Sterlet x sturgeon, 


stellate 1191 


Sterlet? x sturgeon, whites 1202 


Sterlet? x (sturgeon, white? x sterleto)o 1202 


Sterlyad x beluga 3 


1, L999 
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Sterlyad> xvosets 317/77 1433 

Sterlyad x sevruga 1194 

Sterlyad x (sterlyad x osetr) 1433 

Sterlyad x (sterlyad x sevruga) 1194 

Sterlydy xvosetr 917 

Sterlydy x sevroga 1193 

Sterlydy x sevruga 1193 

Sterlydy x (sterlydy x sevroga) 1193 

Sterlydy x (sterlydy x sevruga) 1193 

Sterylad x beluga 56, 903 

Sterylad@ x osetrao 826 

Sterylyad x osetr 1434 

Sterylyade x (osetr9o x sterylyad,) 886 

Sterylyad x sevruga 886 

Sterylyad x (sterylyad x osetr) 1434 

Sterylyad? x (sterylyad? x sevrugac’) « 886 

Stevruga x sevruga 1201 

Stevruga x (stevruga x sevruga) 1201 

Stizostedion x Perca 1249 

Stizostedion canadense x Stizostedion vitreum vitreum 1235 
Stizostedion vitreum? x Cichlasoma cyanoguttatum o& 767 
Stizostedion vitreum? x Dionda episcopa o 767 
Stizostedion vitreum? x Etheostoma blennioideso 767 
Stizostedion vitreum? x Etheostoma caeruleum< 767 
Stizostedion vitreum? x Etheostoma lepidum ¢ 767 
Stizostedion vitreum? x Etheostoma spectabileg 767 


Stizostedion vitreum? x Fundulus chrysotuso 767 


Stizostedion vitreum? x Gambusia affinisc& 767 
Stizostedion vitreum? x Haplochromus 3 767 
Stizostedion vitreum? x Lepomis auritusc 767 
Stizostedion vitreum? x Lepomis microlophus o 767 
Stizostedion vitreum? x Morone chrysopsc 767 
Stizostedion vitreum? x Percid o& 767 

Stizostedion vitreum? x Percina caprodesco 767 
Stizostedion vitreum? x Platypoecilius helleric 767 


Stizostedion vitreum x Stizostedion canadense 767 


Stizostedion vitreum vitreum x Stizostedion canadense 444, 800 


Stoneroller x chub creek 1352 

Sturgeong x Acipenser nudiventris ~ 826 
Sturgeon x beluga 110 

Sturgeon x sterlet 1434 

Sturgeon? x sterletc 368 

Sturgeon x sturgeon, stellate 1191 
Sturgeon Acipensero x sturgeon HusoQ? 728 
Sturgeon, beluga x sturgeon, sterlet 1327 
Sturgeon giant x sterlet 651 

Sturgeon Kurinskii x ship 857 

Sturgeon, ship x osetr 1193 

Sturgeon, ship x sevroga 1193 

Sturgeon, Siberian x sterlet S577 ekow 
Sturgeon spiny x sevryuga 904 

Sturgeon, spring x sturgeon, stellate 1191 


Sturgeon, white x sterlet 1202 
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Sturgeon, white? x sterlet co 1202 

Sturgeon, white? x (sturgeon, white? x sterlet*) 1202 
Sucker, bigmouth buffalo x sucker, black buffalo 1424 
Sucker, bigmouth buffalo x sucker, smallmouth buffalo 1424 
Sucker, bluehead x sucker, flannelmouth 1032 

Sucker, bluehead x sucker, white 745, 1032 

Sucker, flannelmouth x sucker, humpback 745 

Sucker, flannelmouth x sucker, razorback 1032 

Sucker, flannelmouth x sucker, white 745, 1032 

Sucker, white x sucker, largescale 390, 1424 

Sucker, white x sucker, longnose 1144 

Sunfish, bandedo x bass, rock 388 

Sunfish, bluegill x sunfish, green 1737 

Sunfish, green x bass, largemouth 400 

Sunfish, green? x bass, largemouth 1736 

Sunfish, green" x bass, largemouth? 1739 


Sunfish, green x bluegill 545, 5613) 717,009), 010, 1147, 
1759 


Sunfish, green? x bluegillc 254, 388, 954 

Sunfish, greenc’x bluegill? 254, 556, 793, 954 

Sunfish, green? x bluegill hybrids 926 

Sunfish, green x (bluegill x sunfish, green) 331 
Sunfish, green? x (bluegill? x sunfish, redbreasto’) 388 
Sunfish, green x pumpkinseed 545, 561, 1147, 1424 
Sunfish, green ¢x pumpkinseed<o 254, 388 

Sunfish, greem x pumpkinseed? 254 

Sunfish, green x sunfish, longear 1424 


Sunfish, green? x sunfish, longearch 254, 388 
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1424 


Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 


Sunfish, 


green x sunfish, longear 254 
green x sunfish, orangespotted 1424 
green x sunfish, redbreast 1424 
green x sunfish, redbreast 388 


green x sunfish, redear 1010, 1147 


green x sunfish, redear 95, 254.1388 Wisi 


green x sunfish, redear PGT: 

green x sunfish, redear hybrid 926 
green x warmouth 388 

green xX warmouth 388, 400 


green xX warmouth 1009, 1010 


(Sunfish, green x warmouth) x Lepomis cyaneilus 


(Sunfish, green x warmouth) x Lepomis microlophus 


(Sunfish, green x warmouth) x (Lepomis macrochirus x Lepomis 


gulosus) 388 


(Sunfish, green x warmouth) x (Lepomis microlophus x Lepomis 


macrochirus) 388 


Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 
Sunfish, 


Sunfish, 


longear x bluegill 1424 

longear x pumpkinseed 388 

longear x sunfish, green 1424 

longear x sunfish, green 388 
longear x sunfish, orangespotted 1424 
orangespotted x sunfish, green 1144 
orangespotted x sunfish, green 388 
redbreast x bluegill 1424 

redbreast x bluegill 388 

redbreast x pumpkinseed 1424 


redbreast x sunfish, green 1424 
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926, 


954 


Sunfish, redbreast? x sunfish, redearw 388 
Sunfish, redbreast x warmouth 1424 


Suntiush, juaedear x bluegi 11) 400955717613) ae-01 0, LS lpi, 
1742 


Sunfish, redeara x bluegill¢e 556) 1087,.1735 

Sunfish, redear? x bluegill 388 

Sunfish, redear? x (bluegill ?x sunfish, redeardjo 388 
Sunfish, redear x sunfish, green 557, 715 

Sunfish, redearo x sunfish, green? 171, 717 

Sunfish, redear? x sunfish, greenco 254, 388, 718 
Sunfish, redear? x sunfish, redbreast" 388 

Sunfish, redear? x (sunfish redear? x bluegillo’)o 1718 
(Sunfish, redear x bluegill) x bluegill 1715 

(Sunfish, redear x bluegill) x sunfish redear 1715 
Sunfish, redear x warmouth 1010, 1737, 1742 

Sunfish, warmouth x sunfish, green 411 

Swordtail x platyfish 523, 1340, 1418, 1453, 1455 
Swordtail? x platyfisho 1453, 1457 

Swordtail x platyfish spotted 648 

Swordtail x (platyfish x swordtail) 1653 

Swordtail x (platyfish x swordtail green) 1456 


Swordtail? x (platyfish?x Xiphophorus helleri guentheric) ¢ 


LM7US, 


1458 


Swordtail? x (platyfish? x Xiphophorus helleri helleric) &% 1458 


Swordtail? x (platyfish? x Xiphophorus helleri strigatusc) o 
(Swordtail x platyfish) x platyfish 1453 

(Swordtail x platyfish) x swordtail 1453 

Swordtail? x (swordtail? x platyfisho’)o& 1453 


Swordtail, albino x platyfish red 650 
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1458 


Swordtail, tuxedo x swordtail Simpson 590 
Swordtail, wagtail x swordtail blackfin 590 


Symphysodon aequifasciata axelrodi x Symphysodon discus 


590 


Tanichthys albonubes x Brachydanio 


Teichkarpfen x wildkarpfen 


LELeOstes 
felestes 
Telestes 
Telestes 
GELeESeeS 
Telestes 
tench? x 
Tench? x 
Tench x 
mench x 
Tench x 
Tetrapte 
Tetrapte 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 


Tilapia 


=T= 
758 
1526 


x Chondrostoma rysela 1507 


o x Phoxinus®? 188 


x Phoxinus phoxinus 188 


soufia x Chondrostoma toxostoma 1253 
soufias x Phoxinus phoxinus? 187 
soufla agaSSizi x Phoxinus phoxinus 188, 1508 


Campo 54228 


carp, big head“ 228 


Leuciscus cephalus 1667 


Scardinius erythrophthalmus 1667 


Rutilus rutilus 1667 


rus albidus x Tetrapterus belone 1285a, 1335 


rus albidus x Tetrapterus pfluegeri 1285a, 1335 


xX species 797 


amphimela x Tilapia esculenta 551 


andersonii x Tilapia macrochir 728 
andersoniico' x Tilapia macrochir? 966 
andersonii x Tilapia mossambica 728 
andersoniic' x Tilapia mossambica2 966 
aurea x Tilapia hornorum 939 


aurea? x Tilapia hornorum & 135, 674, 1291 
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(Tilapia aurea x Tilapia hornorum) x Tilapia nilotica 


Tilapia 
Tilapia 
Tilapia 


Tilapia 
35 


(Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 


Tilapia 


aure#® x Tilapia mossambicac 197 


aurea Xx Tilapia nilotica 424, 576, 799 


aure® xX Tilapia’ niloticad 421, \ Lie, 


aureac xX Sie 


S796 


Talapialnilocica e209, A421; 


aurea X Tilapia nilotica) x Tilapia 576 


aurea? x Tilapia 


aurea o xX Tilapia volcani 9 1798 


aurea x Tilapia vulcani 71, 424 


aureay x Tilapia vulcanig ‘V209,° 732," L108, 


esculenta x Tilapia amphimelas 599 
galilaea x Tilapia nilotica 728 
galilaeao x Tilapia niloticag 258 


heudoloti? x Tilapia mossambicac 716 


29, 


953, 


nilotica (Lake Albert)o 421 


1504 


1545 


Tilapia heudoloti? x Tilapia niloticast 716 


Tilapia heudeloti macrocephala? x Tilapia mossambicac 258 


Tilapia heudeloti macrocephala? x Tilapia niloticacsd 258 


Tilapia heudeloti macrocephala? x Tilapia thollonic' 258 


Tilapia hornorum x Tilapia aurea 939 


Tilapia hornorum? x Tilapia aureac 135 


Tilapia hornorum x Tilapia melanopleura 411 


Tilapia hornorum x Tilapia mossambica 67, 599, 799 


Tilapia hornorum? x Tilapia mossambicac 135, 409, 411 


Tilapia hornorum¢dx Tilapia mossambica? 53, 
POUL L O73, 974 


547) Dome One Oy, 


Tilapia hornorum? x (Tilapia mossambica? x Tilapia hornorumd)¢ 


409 
Tilapia hornorum x Tilapia nilotica 939 


UA pio LDS: 
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Tilapia hornorum? x Tilapia nilotica co 102, 1291 


Tilapia hornorum ox Tilapia nilotica @ 53, 54, 405, 666, 
Mie, 973, 1290, 30Sia 


Tilapia hornorum? x Tilapia mossambicac 1291 

Tilapia hornorum* x Tilapia mossambica? 966, 1291 
Tilapia hornorum zanzibaricac x Tilapia mossambica? 407 
Tilapia hornorum zanzibaricac x Tilapia nilotica? 407 
Tilapia leucosticta x Tilapia nigra 799 

Tilapia leucosticag x Tilapia nigra? 966 

Tilapia leucosticta x Tilapia nilotica 799 

Tilapia leucosticach x Tilapia nilotica? 966 

Talapia, leucosticta x Tilapia\ spilurus. 4:65 

Tilapia macrochir x Tilapia nilotica 799 

Tilapia macrochirg x Tilapia niloticas 1291 

Tilapia macrochirg x Tilapia niloticag 254, 407, 791, 950, 966, 129m 


Tilapia macrochircd x (Tilapia njloticach x Tilapia macrochir®)? 
791 


(filapia macrochir x Tilapia nilotica) x Tilapia‘ macrochin Bom 
(Filapia macrochir x Tilapia nilotica) x Tilapia niloticaywoU 
Tilapia melanopleura x Tilapia zillii 551 

Tilapia melanopleura x Tilapia zillii 301 

Tilapia mortimeri x Tilapia andersonii 599 

Tilapia mossambica x Tilapia andersonii 551 

Tilapia mossambica? x Tilapia andersonic 258 

Tilapia mossambica? x Tilapia aureac 197 

Tilapia mossambica x Tilapia hornorum 409, 599, 1119, 1147 


Tilapia mossambica? x Tilapia hornorumc 135, 409, 411, 551, 1051, 
INOS ee Le Sig 22:93. 


Tilapia mossambica* x Tilapia hornorum? 208 


488 


(Tilapia mossambica x Tilapia hornorum) x (Tilapia mossambica x 


Tilapia hornorum) 


Tilapia mossambica x Tilapia macrochir 728, 


Tilapia mossambica 
208 


Tilapia mossambica 
409 


Tilapia mossambica 


Tilapia mossambica 
728 


Tilapia mossambica 
728 


Tilapia mossambica 


Tilapia mossambica 
TAOS} IPAS 


Tilapla mossambica 
966, 1289 


Tilapia mossambica 


Tilapia mossambica 


(Tilapia mossambica x Tilapia 
Tilapia nilotica) 


(Tilapia mossambica x Tilapia 


1289 
Tilapia mossambica 
Tilapia mossambica 
Tilapia mossambica 
Tilapia mossambica 
Tilapia mossambica 
Tilapia mossambica 
Tilapia 
Tilapia nigra 


Tilapia nigra 


x Tilapia hornorum 


409 


x (Tilapia mossambica 


MQ9 


x Tilapia hornorum ) 


x Tilapia mossambica x Tilapia hornorum ) 


(African) x Tilapia mossambica (Malayan) 


(Zanzibar) 


(Zanzibar) 


x Tilapia nilotica 


x Tilapia nilotica 
nilotica 


x Tilapia 


x Tilapia nilotica 


(Zanzibar ) 


198 


x Tilapia _ sp. 


x Tilapia tholloni 


x Tilapia tholloni 
x Tilapia tholloni 


x Tilapia zillii 


nigra x Tilapia hornorum 551 


x Tilapia leucostica 


489 


258 


1108, 


258), 


799 


54, 198, 


254, 432, 


(Israel) 


x Tilapia nilotica 


799 
258 
557 


55/1 


T2907 


1108, 


421, 


Sous; 


421 


728 


2:9! 


32 


x Tilapia mossambica (Indonesia) 


x Tilapia mossambica (Indonesia) 


OT SG a OLS 


OZ, 


nilotica) x (Tilapia mossambica x 


nilotica) x Tilapia nilotica 


zanzibarica x Tilapia mossambica (Malayan) 


, 


404 


Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 


Tilapia 


578, 


Tilapia 
Tilapia 
Tilapia 
Tilapla 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 


Tilapia 


7fSak 


@iredlap 1. anni 1 otl Cay X 
Sy 


(Tilapia nilotica x 
LOM, 


nigra x Tilapia mossambica 728, 799 


nigra? x Tilapia mossambicac 258 
nigra x Tilapia nilotica 799 
nigra? x Tilapia niloticas 1291 
nigraS x Tilapia nilotica2 966 
nigra XX Tilapia, Zilli 799 
nigra? x Tilapia zillic 258 
migra x Tilapia Zililii .728 

DigGrale x Pivapra ZrIdire £551 

939 


nifotica x Tilapia aurea 5/7, 


aurea o 258, 411, 423, 
1563 


nilotica? x Tilapia 424: 5Sie 


ROS? L291; 4545, 


niloticao x Tilapia aurea? 973 


nilotica? x Tilapia esculentas 258 


nilotica x Tilapia galilaea 551 


nilotica x Tilapia heudeloti 551 


nilotica? x Tilapia hornorum ¢ 411, 456, 939, 1291, 


niloticac x Tilapia hornorum ? 103, 405 


nilotica x Tidapra Jeucosticta’ 551. 


hnilotica? x Tilaprasleucosticasy \, 1108; 290 


nilotica x Tilapia macrochir & '599),.°728),5/99)4950 


nilotica? x Tilapia *macrochir: S. \258 7 551) cellos 297: 


niloticact x Tilapia macrochir ? 791, 966, 973 


niloticast x (Tilapia macrochiry x Tilapia nilotica?)9 


Tilapia macrochir) x Tilapia macrochir 
950 


Tilapia macrochir) x Tilapia nilotica 
950 


490 


1345 


Tilapia nilotica x Tilapia mossambica 67, 551, 799 
Tilapia nilotica x Tilapia mossambica 198, 915, 916 
Tilapia nilotica x Tilapia mossambica 109, 432, 762, 966 


(Tilapia nilotica x Tilapia mossambica) x (Tilapia nilotica x 


Tilapia mossambica) 


Tilapia nilotica x Tilapia nigra 


Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 
Tilapia 


Tilapia 


nilotica 
nilotica 
nilotica 
nilotica 
nilotica 
nilotica 
nilotica 
nilotica 
nilotica 
randalli 
rendalli 
spilurus 
spilurus 
spilurus 
spilurus 
tholloni 
tholloni 
tholloni 
tholloni 
tholloni 


tholloni 


variabilis 


198 
55k 
X Tilapia nigra 
x Tilapia nigra Wl 
(Lake Rudolph) 
x Tilapia tholloni 
x Tilapia tholloni 
x Tilapia variabilis 
x Tilapia variabili 


(blue) x Jordan vari 


(blue) x Tilapia aurea 


Xe Lapua 2 LLL Te 9 


xX Tidapia Sp: 966 


x Tilapia leucostict 


99), 966 
222 
258 
551 
Ss 110 
ety 16 
160 


9 


a 1461 


nigra x Tilapia leucosticta 


nigra 


x Tilapia leucosticta 


258, L290) 


599 
Se Uae 
08 


8 


599 


551 


Spilurus x Tilapia spilurus nigra 


x Tilapia heudeloti 
x Tilapia heudeloti 
x Tilapia mossambic 

x Tilapia nigra 551 


x Tilapia nilotica 


x Tilapia nilotica 


491 


x Tilapia esculenta 


Soul 
258 


a 258 


55 


258), 


Ab ANS 


716 


258 


x Tilapia mossambica 


S55 


421 


Tilapia variabilis® x Tilapia nigra® 1291 
Tilapia vulcani? x Tilapia aureaS 1108, 1291 
Tilapia vulcani? x Tilapia hornorumc’ 1291 
Tilapia vulcani9? x Tilapia mossambicas 1291 
Tilapia vulcani (nilotica)&% x Tilapia aurea? 207 
Tilapia zill@ x Sarotherodon andersoniic’ 231 
Gimlaprar cull? O"X “SaroOenerodon N1igrusce . (23% 
Tilapia zilli x Tilapia melanopleura 799 

Tilapia zillig x Tilapia melanopleura & 258 
Miptapla Zriit “x Tilapia rendalli | 23) 

Tilapia zilliigo x Tilapia guiniensis? 966 
Tilapia zillii x Tilapia melanopleura 551 
Tilapia zillii x Tilapia mossambica 551 

Mithapia Zlili7e X Tidapra rendali2z 2 (966 

Midepia Ziliii (localjo x Tilapia zalizi (Congo)? © 950 
hincaQ x Carassius o 1192 

Tinca tinca X Carassius Carassius 1370 

Tinca tinca x Leuciscus cephalus 1193 
Lorspucitora’ x .Schizothorax sp. 1595 

Trachurus trachurus x Trachurus picturatus 293 
Trichogaster tricopterus sumatranus x Tricopterus "gold" 5l6a 
roe x Char 749, 1093, 1205, 1366 

Trout ? x gwiniad o 1364 

Trout x salmon 474 

Trouts x salmon? 31, 990, 1367 

Trout ? x salmons 598 

Trout x (salmono x trout 9)9 1214 

Trout? x salmon, parro 1161 


492 


Trout x trout, American brook 667 

Trout xaeErout;, brook, 2137 .1366 

ErOuEC Xwerout, red.o15990 

Troutc x trout, Saghalin? 990 

Trout x trout, sea 1006 

TEOUt, .albano brook,x Erout;tnormal brook. 2532 
Trout, Apache x trout, rainbow 943 

Trout, Arizona x trout, rainbow 1096 

treowt, Aurorasx trout,: brook, 1376 

Trout, broad cutthroat x-trout,; wild’ cutthroat 148i 
EEout, brook x char ~550, 1540 

Oui, OLOOKS' x ‘chano “13566, 1367 

Trout, brook? x charco 1541 

Trout, brook x char, Arctic 689 

HOE, -DEOOks x char, Arctic? 1259 

EO, IbTOOKo! x (Charc x trout, brook?) SOW, 
EO,  DEOOK x, Chart, lake 1203 

Trout, brooks x charr, sunapee? 614 

Teout;, brook x salmon 1540, .1541 

PEOuc,; DLOok? x Salmon, Atlantic co 1259 

Trout, brook? x salmon, chinook & 986 

Trout, brook? x salmon, sockeyeo’ 986 

Trout, brook x splake 498 

Trout, brook? x splake co 695a, 1031, 1088, 1146, 1793 
EOE ID EOOKG. x=tcEOue, albino brook? W699; i777) 778) 532 
Trout, brook x (trout, brook x splake) 498 


LEOUt, _DEOOK? x i(trout, brook? x trout, Jlakeo\cl (777 
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MgO TOOK pe tEout, brown SO; 330, 346,07 390) 49h SiS 2 or 
G5Semosoe, 707 985) LOSS, e235), Msn 4 Sa aloS SrmmelWiSS 


ROM brooks)’ X trout, brown 2? 59) 678 

EOE DIEOOK® x EnOUL, browns’ 560,7.986, 1050 

Trout, brook? x trout, Dolly Varden o 986 

meow, brook x trout, lake 26, 217, 29) 3305 2377p. 4 SS enoOsve 
699), 777; 778, LOLe,;. 1023,. L031; 1048 910507 1TI28) i206 alae 
1259), 475, 7493, 1532, 2541, 1575, S76, 633) ss Silas 
1/3855 se 92 


imaOut,. Dbook? x ‘trout, lake o 638, 777,. 781, 792, 986," LOSS taelO4or 
LHIOPMETOD 793 


Trout, brooko x trout, lake? 213, 406 
meow, brook? x (trout, lake? x trout;. brook oo 2777 
(Trout, brook x trout, lake) x trout, brook, 661); 777. 1030972 


(Trout, brook x trout, lake) x (trout, brook x trout, lake) 
Pid 4 VAOZ,. L792 


(Gigoute, brook, x trout,, Lake), x. Crouck,“diake” 638i) "777 
(Trout, brook x trout, lake) x (trout, lake) x jitrout; | brook)yaaviw, 
Cieout,., brook. x, trout, lake) x trout, “rainbow: 1658 
meow; «brook, x-trout;, Ouebec. red. J0885 235 

sou, «brooke xX, trout, rainbow 1427) (S548 W540) > 154i 
TEOut,,.brook?. X= trout, rainbow oc ~986 

Trout, brooko x trout, rainbow? 406, 678, 1491 
(Trout, .brook,xs trout, salmon) -x» trout; ,brooka,66l 
Trout, brown x amago 1543 

eos Drown x char) 1006, L317 

Trout, brown x char, Arctic 689 

Trout, brown x charr, brook 984 

Trout, brown x iwana 1543 


Trout, brown x salmon 1006, 1317 
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Trout, brown? x salmons 1630 

Trout, brown x Salmon, Atlantic 474, 491, 627, 689, 1050 
Trout, brown? x salmon, Atlantic“ 305 

Trout, browne x salmon, Atlantic 2? 678 

Trout, brown ?x salmon, coho 305 

Trout, brown®% x salmon, landlocked? 707 

Trout, brown x salmon, parr 1006 

Trout, brown x trout, American brook 51 


EOE bEOwl- x ELouk, bEook “125,..304)77 696, 689, 749, THi4ay isi, 
ISS, ALS) 


EEOut, browne trout, brookia 406, 491); 560,./986; L050, loss 
Trout, brown? x trout, Dolly Vardens 986 

Trout, brown x trout, lake 689 

EEOut, brown? :x trout, lakeo | 11543 

Trout, brown? x (trout, lake? x trout, brook’) 1088 

Trout, brown x trout, rainbow 460, 496, 638, 987, 1009, 1481 
EEOUe, bDEOWnNOYxX trout, TGTarnbowo) 986, 1050, 1218, 163.0 

Trout, brown x trout, rainbow? 678, 707 

Trout, brown x trout, salmon 474 

ROU, JOLOWMs xX Ueto, ESea BOZi/ Al 6dy s asaoy 

Trout, brown? x trout, seacw 1630 

Trout, brown x yamame 1543 

Trout, brownbow x trout, brook 707 

Trout, brownbow x trout, brown 707 

EEOUL, Cherry? xvamagoco 1233 

Trout, coastal cutthroat x trout, steelhead 1466 

Trout, coastal rainbow x trout, cutthroat 1105 


Trout, cutthroat x trout, kamloops 268 


495 


Trout, Cutthroaty x trout, Gcainbow 924,270, 3271, 13748390 nmosor 
HOLS RALO SOFT OF SL253 "R360 


Trout, cutthroat? x trout, rainbows 986 

Trout, Dolly Varden x trout, brook 1424 

Trout, Dolly Varden x trout, eastern brook 1033 
Trout, Dolly Varden? x salmon, chumc 986 

Trout, Dolly Varden? x salmon, coho 986 

Trout, Dolly Varden? x trout, brook 986 

Trout, Dolly Vardeno x trout, brownan 986 

Trout, Dolly Varden? x trout, lakeo 986 

Trout, eastern brook x trout, lake 1493 

Trout, European brown x trout, brook 347 

Trout, gila x trout, rainbow 1050 

eout, golden x Salmo clarki- 1397 

Trout, golden x Salmo gairdneri 1397 

Trout golden’ x trout, cutthroat 634 

Trout, golden x trout, Kern River 390 

TeoOuUe, Golden x trout, rainbow 518) 632, 633;,\.636,. LOS6mlson, 
Trout, goldeng x trout, rainbows 14, 491 

Trout, hime? x salmonc 1574 

Trout, kamloops x trout, cutthroat 268, 1315 
Trout, lake x char 1541 

Trout, lake x char, Arctic 425, 1497, 1498 
irouk, Lake. x Charr, brook 237, 1043 

Trout, lake x salmon 1540, 1541 

Trout, lake x trout, brook 8, 83, 262, 330, 491, 498, 5507 695ar 


696), 2689, 735, 737, 746, 777, 778, 837, 964, 10507 109srarezocr 
1540), 1786 
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TSO, 


baker xT EnOuti, DrOOksw 42) 477; OSC 5. thy mil Olid ho Zug 


LSA 0S Se LOLS OSs Tl4o. MIZ35,, ebotl,: L792) 1793 


Trout, 
POU, 
FEISO Ute, 
AOU, 
EEOC, 
RISO Ui, 
sO UIE, 
Trout, 
BereOUites, 
PereO Wiley 
Trout, 
Trout, 
ERO, 
ROU: 
EOE, 
eR OUie 
Trout, 
EEOU te, 
sstsOUie, 
EOUL, 
ALIeOohe, 
Abicolther 
EOE, 
Trout, 
LEOuUe, 


Trout, 


lakeo’ x trout, brook? -406, 689, 707 
lake x trout, brown 956 

lake? x trout, Dolly Vardenc 986 
lake x trout, eastern brook 1038 
lake x trout, rainbow 1540, 1541 
lake x trout, speckled 1245 

loch leven? x char, Americans’ 6 
lochleven x salmon 503 


lochleven? x (trout, lochleven? x salmonc’)/" 503 


Toudsa Gake-x trout; Hill's Wake: brooks) 21.3 


palomino x trout, golden 469 

palomino x trout, rainbow 469 

rainbow x Salmo apache 275 

rainbow? x Salmo macrostomac 892 

rainbow x salmon 1540, 1541, 1569 

rainbow x salmon, Atlantic 305 

rainbow? x salmon, Atlanticc” 305 

rainbow? x salmon, cohoo 281, 305, 986, 1227 
rainbow? x Salvelinus fontinalisS 892 
rainbow? x splakeco 1088 

rainbowc x splake? 1481 

rainbow? x trout, albino rainbows 1305 
rainbows x\ trout, ‘blackspotted ¢?:° 1532 
rainbowo x trout, black-spotted 2 15, 16 
rainbow x trout, brook 491, 696, 1050, 1378 


rainbow? x trout, brooks’ 305, 986, 1088 
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986, 


TaoOme, Maarnbow x trout, brook “N42>) 707. 96S" (1540, alS4a 


Trout, rainbow? x trout, brooko& 304 


Trout, TFainbow x trout, brown 21,, 297, 491, 512,638, 689) (894 =aako4 a 


Sei LTS 


Trout, rainbow? x trout, browns 305, 491, 947, 986, 1049, 
LOSS Us 1630 


aoe, daalnbow x trout, cutthroat, 21), 22) 175, 26e. 2S eeowior 
374, 382, 459) 491.634 ,. 7485" 784,986, 1040; “10502 WoOssy 
HOSGR e633) 65, LZ, 2258.) US 2k Wes rie vale Gu iee! clea/3 

Trout, rainbows x trout, cutthroat? 805 

Trout, rainbow? x trout, Dolly Varden 986 

Trout, rainbow x trout, eastern brook 1040 

iEOUG, .cainbow x trout, golden . 275,634, 10407. 9050,. (64 

Trout, rainbow? x trout, goldencn’ 13 


Trout, Lainbow x trout, lake 1540,,1541 


Trout, rainbow x trout, steelhead 126, 171, 280, 586, 947, 
S8ibe. i246). SS Si 


Trout, rainbowo' x trout, steelhead9o 947 


(Trout, rainbow x trout, steelhead) x (trout, rainbow x trout, 
steelhead) 947 


Trout, redo’ x trout, Saghalin? 990 

Trout, redband x trout, rainbow 374, 1096 
Trout, redband x trout, steelhead 849 
Trout, Saghalinc’ x trout? 990 

Trout, Saghalinc’ x trout, red? 990 

Trout, Saghalin? x trout, silverco 990 
Trout, salmon x salmon, Atlantic 474 
Trout, sea x grilse 1006 

EOE, Sea x Salmon 13.17 


Trout, seaco x salmon? 1367 


498 


SEerOUe, 
aETeOUe: 
Trout, 
SEOUL, 
rO Ute, 
SeOUEy, 
sIeOU,, 
PEOULE, 
EOUL, 
plsTsO Ui 
Trout, 
Ib eoyohey 
Trutta 
Trutta 
Trutta 
Trutta 


Turbot 


sea x Salvelinus alpinus 1317 

sea? x (grilse? x trout, seac)" 1272 

sea x salmon 1366 

seaco x salmon? 1367 

sea x trout, freshwater 1161 

Silver x trout, brook 696 

speckled x charr, lake 297 

speckled x trout, lake 232, 491, 572, 986, 
speckledo x trout, ‘lake? 597, 707 
steelhead x trout, rainbow 993, 1557 
steelhead x trout, rainbow? 947 
sunapeeo’ xX salmon¢ 1050 

fario x Salmo salvelinus 1489 

fariog x Salmo salvelinuso 600, 602 

Pablo x Tructa Salar, L489 

lacustris x Salvelinus alpinus - salvelinus 


se oneal, =< al~Ae\sy  abisyy/ 


“Wes 


Vendance x whitefish 646 


Vimba vimba vimba n. carinata x Leuciscus cephalus 


Vobla x lesch 914 


=We 


Walleye x sauger 81, 444, 767, 800, 1424, 1705 


Walleye x zander 964 


Warmouth? x bass, largemouth 388 


Warmouth? x bass, rocks’ 388 
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1052 


491 


JEOS 


Warmouth x bluegill 764, 1147 

Warmouth? x bluegills 388 

Warmouth9 x crappie, black « 388 
Warmouth x pumpkinseed 764 

Warmouth x sunfish, green 410, 764, 1010 
Warmouthe x sunfish, greens’ 388, 400 


Warmouth « x sunfish, green? 1741 


(Warmouth x sunfish, green) x (warmouth x sunfish, green) 


Warmouth 9x sunfish, redearc 388, 1738 
Whitefish x cisco r.l213),. 1555 
Whitefishg x cisco a 1260 

Whitefish? x pelyada 889 

Whitefish x vendance 646 

Whitefish broad9 x pelyada 890 
Whitefish, chud x ripus 889 

Whitefish chudskoyi x (cisco x Coregonus albula) 
Whitefish, lake chud x pelyad 889 
Whitefish, onega x cisco onega 889 
Whitefish, volkhov x cisco 646 


Wildkarpfen x spiegelkarpfen 1787 


=e 
Xenotoca eiseni x Ameca splendens 579 
Xenotoca eiseni x Characodon lateralis 579 


Xenotoca eiseni x Xenophorus captivus 579 


1010 


Xenotoca eiseni? x (Xenotoca eiseni? x Xenotoca melanosomad)c 


Xenotoca eiseni® x (Xenotoca eisenis’ x Xenotoca melanosoma 9°)? 


Xenotoca eiseni x Xenotoca melanosoma 580 


500 


580 


580 


Xenotoca eiseni? x Xenotoca 
Xenotoca eisenic x Xenotoca 
(Xenotoca eiseni x Xenotoca 


(Xenotoca eiseni x Xenotoca 


melanosoma “ 580 
melanosoma? 580 
melanosoma) x Xenotoca eiseni 580 


me 1anosoma ) x Xenotoca melanosoma 


580 


Xenotoca 


Xenotoca 


Xenotoca 


Xenotoca 


xAenotoca 


Xenotoca 


Xenotoca 
580 


xXenotoca 
580 


Xenotoca 


Aenotoca 


xXenotoca 


Xenotoca 


Xenotoca 


Xenotoca 


Xiphophorus x Mollienesia sphenops 
Xiphophorus x Platypoecilus 


Xiphophorus clemenciae x Xiphophorus maculatus 


eiseni x Xenotoca variata 579 
melanosoma x Ameca splendens 579 
melanosoma x Characodon lateralis 579 
melanosoma x Xenophorus captivus 579 
melanosoma x Xenotoca eiseni 579 


melanosoma? x Xenotoca eisenic 580 


melanosomac’ x (Xenotoca eisenico' x Xenotoca melanosoma? ) 9 


melanosoma? x (Xenotoca eiseni? x Xenotoca melanosomac) ¢ 


melanosoma x Xenotoca variata 579 
variata x Ameca splendens 579 
variata x Characodon lateralis 579 


variata x Xenophorus captivus 579 


Variata x Xenotoca eiseni 579, 580 
variata x Xenotoca melanosoma 579, 580 
1091 


6S OOO; MEOO4y OOS, 


Xiphophorus conchianus x Xiphophorus helleri 900 


Xiphophorus 
XiIphophorus couchianus x Xiphophorus millerli 
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The Barge Ocean 250 Gasoline Spill 


CAROLYN A. GRISWOLD,’ Editor 


ABSTRACT 


On 16 March 1978, the barge Ocean 250 grounded on Watch Hill Reef 1,006 m off Watch Hill, Rhode 
Island. An estimated 2.6 million liters of gasoline was spilled into Block Island Sound. 

Results of cytogenetic analyses indicated maximum damage occurred in fish eggs collected in plankton and 
neuston samples in the spill area. Membrane or embryo damage occurred in up to 100% of the fourbeard rockling, 
Enchelyopus cimbrius, and yellowtail flounder, Limmanda ferruginea, eggs collected over a 4 day period following the 
spill. Low levels (_ 12 ppb) of hydrocarbons analyzed in the gasoline range were found in the water column at sta- 
tions in the spill area 36-40 hours after the spill first began. Zooplankton samples collected from the same area show- 
ed traces of hydrocarbons from the gasoline range as did two species of benthic invertebrates, the sea scallop, 
Placopecten magellanicus, and the hard shell clam, Mercenaria mercenaria. Twenty-three fish samples representing 
10 species were anlayzed. Five showed levels twice that of the control sample taken from Fox Island, Narragansett 
Bay. There was no apparent damage to benthic communities, and analyses of zooplankton communities at the time 
of the spill and 3 weeks later showed normal patterns of species composition and abundance. 

With the exception of localized damage to fish eggs, there was no apparent discernible damage to fish or in- 
vertebrate populations in the area immediately following the spill, and although there were measurable amounts of 
gasoline hydrocarbon components in a small number of water, fish, and invertebrate samples, there is no evidence 
that this would cause long-term damage to the populations. Shore surveys did not indicate damage to intertidal flora 


and fauna along Fishers Island, New York, or along the southern Rhode Island coastline. 


1.0 INTRODUCTION AND 
BACKGROUND INFORMATION 


On 16 March 1978, the 166 m barge Ocean 250, owned by the 
Interstate and Ocean Transport Co. of Philadelphia, Pa., was car- 
rying a cargo of 39.7 million liters of gasoline enroute from a British 
Petroleum terminal in Marcus Hook, Pa., to a Lehigh Gasoline ter- 
minal in New Haven, Conn. At 0145 h, approximately 16 km off 
course, the barge grounded on Watch Hill Reef (lat. 41 °17.40'N, 
long. 71°51.50’W), 1,006 m off Watch Hill, R.I. (Fig. 1-1) Several 
cargo tanks ruptured and by 2250 h, when the barge lifted free of 
the rocks, the U.S. Coast Guard (USCG) estimated that 2.6 million 
liters of gasoline had been released into Block Island Sound. 
Because of the volatile nature of gasoline the USCG closed a 389 sq 
km area of Block, Fishers, and Long Island Sounds to all ship traf- 
fic. The area closed extended from Pt. Judith, R.I., to New Lon- 
don, Conn. 


1.1 Shore Surveys 


Early 16 March, University of Rhode Island (URI) personnel’ 
initiated a response to the spill which included a prediction of the 
spill movement to determine areas that might become affected by 
the spill and a survey of the southern Rhode Island coastline. 
Overflights of the spill site were planned; however, these had to be 
aborted because of foul weather. Since the USCG restricted boats 
from entering the area, the area covered by the slick could not be 


‘Northeast Fisheries Center Narragansett Laboratory, National Marine Fisheries 
Service, NOAA, South Ferry Road, Naragansett, RI 02882. 

*Mason P. Wilson, Jr., Department of Mechanical Engineering and Applied 
Mechanics, initiated the response and was aided by Mark Ahmadjian, Shiela Bhat- 
tacharya, Chris Brown, Gina Garofalo, Clem Griscum, Chris Ordzie, and Malcolm 
Spaulding, URI, and Richard Sisson, RI Department of Environmental Manage- 
ment. The survey information was excerpted from a letter dated March 23, 1978, by 
Mason Wilson to the Conservation Commission in Westerly, RI. 


surveyed and the slick was not sampled. The predicted movement 
of the spill was predominantly in the southeastwardly direction with 
the outgoing tide, and some westward movement on the incoming 
tide. Winds during the morning hours of 16 March were light and 
offshore, thereby making it very unlikely for the spill to reach the 
southern coastline of mainland Rhode Island. 

The main concern throughout the period of the spill was the 
southern coastline east of Watch Hill. There is an eastward current 
close to shore, and if any gasoline reached shore, it could have been 
transported into Winnapaug, Quonochontaug, and Ninigret Ponds 
(Fig. 1-1). Consequently, water samples were taken at each of these 
inlets and at Watch Hill. Chemical analysis of the samples taken at 
Watch Hill and Weekapaug (inlet to Winnapaug Pond) showed no 
signs of gasoline. Further, marine scientists from URI and the R.I. 
Department of Environmental Management found no signs of im- 
pact from the spill on coastal communities from Napatree Point 
eastward to Pt. Judith. 

Although initially the winds were from the west which drove 
the visible slick toward open water, by 1146 h the winds had shifted 
to the northeast so that the slick was driven apparently toward the 
eastern end of neighboring Fishers Island, N.Y., located 4.8 km 
WSW of Watch Hill Reef (Fig. 1-1). In order to check for the 
presence of gasoline and possible resulting environmental damage 
to intertidal flora and fauna, an onshore survey of the eastern end 
of Fishers Island was conducted 18 March by Jeff Hyland of the 
Environmental Protection Agency (South Ferry Road, Nar- 
ragansett, RI 02882) and Brian Melzian of the Graduate School 
of Oceanography, URI (Kingston, RI 02881). 

Approximately 3.2 km of shoreline along the eastern tip of 
Fishers Island was surveyed and photographed. The intertidal zone 
included sandy (with coarse gravel) substrates as well as rocky areas 
inhabited by typical species such as the algae Fucus spp., 
Ascophyllum nodosum, and Ulothrix flacca; the blue mussel, 
Mytilus edulis; the common periwinkle, Littorina littorea; and the 
barnacle, Balanus balanoides. Samples of rocky intertidal 
organisms were examined for adverse effects and the presence of 
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Figure 1-1.—Site of the grounding of the Ocean 250 on Watch Hill Reef, R.I., and the immediate area including shore survey areas of Fishers Island and the southern Rhode 
Island coastline. 


gasoline. No immediately apparent traces of gasoline (by taste or 
smell) or adverse biological effects (ie., dead or moribund 
organisms) were noted. 

No dead or moribund macroinvertebrates or fish were ob- 
served along any of the sandy beaches. Occasionally dense flotsam 
consisting mainly of washed-up kelp, Laminaria saccharina, was 
observed, particularly near East Point, Conn.; however, this is a 
normal occurrence, and there were no visible traces or smell of 


gasoline from these dense mats. Sandy areas were sampled every 46 
m to a depth of 10 cm with a trowel to locate interstitial gasoline. 
Again, no traces were seen or smelled. 

A large population of apparently healthy herring gulls, Larus 
argentatus, was observed. No dead or abnormally behaving birds 
were seen. 

Although there were no visible signs or effects of gasoline, 
samples of sediment and M. edulis were collected for hydrocarbon 


analysis from each of three stations established at the eastern end of 
the island. Samples were frozen should further interest warrant their 
analysis. 

All the observations made on Fishers Island suggest that there 
was no onshore impact from the gasoline spill. Apparently a slick 
never reached the island. There were no dead or moribund 
organisms washed ashore as a result of the spill, and typical inter- 
tidal organisms were observed in a healthy state. 


1.2 Damage Assessment Surveys 


The National Oceanic and Atmospheric Administration 
(NOAA) was requested to organize the damage assessment so that 
on 17 March 1978, when the USCG opened the area for vessel 
traffic the National Marine Fisheries Service (NMFS)? chartered 
the RV Strider for a series of 1 d cruises on 17, 18, and 20 March 
1978, from Jerusalem (17, 18) and Galilee, R.I. (20). Personnel 
from NMFS, the Environmental Protection Agency (EPA), and 
the Graduate School of Oceanography, URI, participated in these 
cruises. The survey was conducted over a 3.2 x 2.4 km grid off 
the Rhode Island coast between Watch Hill and Napatree Points 
(Fig. 1-2). Station locations and hydrological data are presented in 
Table 1-1. The same station numbers were used for all 3 d, but 


Northeast Fisheries Center Narragansett Laboratory, National Marine Fisheries 
Service, NOAA, South Ferry Road, Narragansett, RI 02882. 
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Table 1-1.—Summary of station locations and hydrologic data from RV Strider 
cruise 78-01 in the area of the grounding of the Ocean 250. 


Station Depth Temp Salinity 
no. Lat. (°N) Long. (°W) (m) (°C) (0/00) 
1 41°17'02" 71°51 '30” 34 1.7 29.4 
2 41°17 '02” 71°52'10” 34 1.7 29.4 
3 41°17 '02” WSZYSZe 27 U7 29.4 
4 41°17 '30” MUS IUS2 a 5 1.8 29.0 
5 41°18 02” 71°52'10” 9 2.2 28.6 
6 41°18 02” TCSZ AO” 6 2.2 29.5 
7 41°17 '30” MUCS2i102, 9 1.8 29.4 
8 41°17'30" TLCS 30? 21 Vl 29.9 
9 41°18 01” mes 1307, 8 1.7 29.7 
10 41°17 '30” 71°50'59” 26 1.7 29.5 
11 41°17 '30”" 71°50'12” 30 1.1 30.0 
12 41°17'02" 71°50 '59” 37 1.1 30.8 
13 41°17'02” 71°50'12” 38 1.1 31.0 
14 41°18 01” 71°50'12” 29 1.1 31.0 
15 41°18 '32” 71°50'12" 12 1.1 31.2 
16 41°18 '29” 71°50 '59” fl 1.4 30.5 
17 41°18'01” 71°50 '59” 11 1.4 29.8 
18 41°18 '28” 71°52'10” 5 2.2 28.8 


daily samples were distinguished by the addition of 0 to the 17 
March stations, 100 to the 18 March stations, and 200 to the 20 
March stations, i.e., 1, 101, and 201. For simplicity within this 
report most stations are referred to by the original (+0) 
designation. 
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Figure 1-2.—Survey area and station locations for RV Strider cruise 78-01. The barge Ocean 250 was grounded on Watch Hill Reef (*) on 16 March 1978. 
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A summary of samples collected for chemical and biological 
analyses are presented in Tables 1-2 and 1-3. Specific sam- 
pling methods and analytical procedures and techniques are 
discussed in the following sections on chemical and biological 
analyses. 

The damage assessment fecused on chemical analyses of 
gasoline hydrocarbons in the water column, fish, macro- 
invertebrates, and plankton; benthic and zooplankton com- 
munities structure was analyzed, and fish eggs were screened for 
cytogenetic damage. 


1.3 Conclusions 


The Ocean 250 gasoline spill did not cause serious impact in 
the coastal waters off southern Rhode Island. The slick dissipated 
within 24 h of the spill and appeared to have been confined within 
a4 km ellipse to the south and southwest of Watch Hill Reef. This 
is surmised from early visual observations and from shore surveys 
of sourthern Rhode Island and Fishers Island which revealed no 
traces of gasoline in the water or in the sediments. 

In the area directly adjacent to Watch Hill Reef and within 
the sampling grid (Fig. 1-2) gasoline components were detected in 
the water column, in zooplankton and selected benthic in- 
vertebrates, indicating that gasoline was well mixed in the water 
column down to the bottom where it was accumulated either 
directly by filter-feeding organisms or through food chain com- 
ponents. 

The greatest detectable impact was on the embryos of two 
species of fish, the yellowtail flounder, Limanda ferruginea, and 
the fourbeard rockling, Enchelyopus cimbrius. However, because 
the spill was localized and spawning was light at the time, 


no long-term effects on the resident populations of the southern 
Rhode Island coast are anticipated. 

The analysis of fish flesh samples, including a control from 
Narragansett Bay, also indicated the presence of some gasoline 
components in the flesh; more important, it detected the presence 
of relatively high levels of other anthropomorphic hydrocarbons 
in many of the fish, indicating that there is a chronic release into 
these coastal waters. The implications of this release to renewable 
marine resources and public health are just beginning to be ex- 
amined. 

Although areas further offshore and east of the spill area 
have been studied in the past, there was no baseline information 
available against which to compare such a site specific study as 
this. In addition, the small sample size as well as the short sam- 
pling period do not allow for conclusions on natural variability 
and, therefore, it is impossible to draw definitive conclusions on 
the effects of the spill on species composition or abundance. 
However, the hydrocarbon analyses as a whole and especially 
those on the fish samples point out the chronic presence of 
anthropogenic hydrocarbons in this coastal marine environment. 
This, together with the deleterious effect of the gasoline on fish 
eggs, indicates impact, some due to the Ocean 250 spill, some due 
to other sources. 

The gasoline spill was the first major spill in the eastern 
United States since the Argo Merchant sank off Nantucket Shoals 
in December 1976. Since that time toxic spill response plans had 
been developed through regional workshops and individual agen- 
cies. As a result the response to the Ocean 250 represented an in- 
tegrated, coordinated, and efficient effort from the local scientific 
community including Federal, State, and university personnel. 
This report represents the results of the damage assessment ac- 
tivities initiated at the time of the spill. 


Table 1-2.—Summary of samples collected on RV Strider cruise 78-01, 17-20 March 1978 in the area of the 
barge Ocean 250 grounding. 


Butterfly Shipek 
Niskin sterile- Rocking tip  Sur- 
Station (duplicate plastic bag Neu- Plank- chair licate face Salin- 
no. casts) water sample Trawl ston ton dredge grabs temp. _ ities 
1 x x x! x x x 
2 x x x x x 
A} x x! x x x 
4 x x x x x 
5 x x x x x x 
6 x x x x x 
7 x x x x 
8 x x x x x 
9 x x 
10 x x x x 
11 x x x 
12 x xt x x x 
13 x x x x 
14 x x x x 
15 x x' x x x 
16 x x 
17 x x x x x x 
18 x x 
Total 6 2 5 12 9 2 6 18 18 
‘Duplicate. 


*Duplicate 0.505 mm mesh samples, no 0.333 mm mesh samples. 
*0.333 mm mesh net lost; no sample-replaced with 0.505 mm mesh net. 


“Doors crossed; no sample. 


Table 1-3.—Summary of fish and invertabrate species collected on RV Strider 
cruise 78-01 in trawls and by dredge in the area of Ocean 250 grounding; selected 
species were analyzed for hydrocarbons. Crosses indicate present in sample, analyz- 
ed for hydrocarbons by Energy Resources Company; solid circles indicate present 
in sample, analyzed for hydrocarbons by Environmental Protection Agency; open 
circles indicate present in sample. 


Fox Rocking chair 
Island dredge stations 


Species 10 12 15 17 control = 4 5 


Macrozoarces americanus x 
Scophthalmus aquosus x 
Pseudopleuronectes americanus x 
Limanda ferruginea 

Raja erinacea x 
Myoxocephalus octodecemspinosus 
Hemitripterus americanus x 
Clupea harengus x 
Tautogolabrus adspersus x 

Gadus morhua 

Liparis sp. 

Menidia menidia 

Polinices heros 

Mercenaria mercenaria ® 
Asterias forbesi 

Cancer irroratus 

Placopecten magellanicus 

Modiolus modiolus ® 


Trawl stations 


x 
x 
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2.0 CHEMICAL ANALYSES 
2.1 Introduction 


A need to understand the potentially deleterious ecological ef- 
fects of spills of petroleum fuels has resulted in extensive research to 
examine the impact of these pollutants on marine and intertidal en- 
vironments. Although the ecological effects of spills of crude oil 
(Benyon 1967; Smith 1968; Hess 1978), No. 2 fuel oil (Blumer et al. 
1970*; Burns and Teal 1971*), and bunker C and #6 fuel oil (Scaratt 
and Sitko 1972; Gross and Mattson 1977) have been extensively in- 
vestigated, only limited data are available concerning the impact of 
gasoline spills. The 16 March 1978 grounding of the Ocean 250 on 
Watch Hill Reef and the release of 2.6 million liters of gasoline into 
Block Island Sound presented an opportunity to examine the im- 
pact of gasoline on the marine environments. In response to the 
spill, a series of joint cruises was organized and conducted by per- 
sonnel from the NMFS, EPA, and the Graduate School of 
Oceanography, URI. The cruises were undertaken to collect 
samples in order to determine the content of gasoline in the water 
and to examine the extent of impact of these compounds on 
zooplankton, fish, and benthic organisms. The following three sec- 
tions present the results of the studies. 


2.2 Chemical Analyses of Water and Benthic Organisms 


This section was prepared by J. L. Lake,* C. W. Dimock,’ C. 
Norwood,° R. Bowen,’ and B. Kyle.’ 


“Blumer, M., J. Sass, G. Souza, H. L. Sanders, J. F. Gassle, and G. R. 
Hampson. 1970. The West Falmouth oil spill. Woods Hole Oceanogr. Inst., 
Tech. Rep. 70-44, 32 p. 

*Burns, K. A., and J. M. Teal. 1971. Hydrocarbon incorporation into the 
salt marsh ecosystem from the West Falmouth oil spill. Woods Hole Oceanogr. 
Inst., Tech. Rep. 71-69, 24 p. 


Sampling and analytical procedures.— Water samples were ob- 
tained on the first cruise (17 March), at the stations shown (Fig. 
2-1). These 6 liter samples were obtained with a 5 liter Niskin bottle 
at a depth of 3.5 (+0.5) m and extracted on board with 300 ml of 
methylene chloride. These extracts were passed through Na,SO, to 
remove residual water and then reduced in volume in a Kuderna- 
Danish evaporator fitted with a three ball Snyder reflux column. 
The samples were solvent exchanged to hexane, reduced in volume 
under a stream of nitrogen to 0.1 ml, and stored at —5°C. 

Samples of filter-feeding bivalves were obtained on the second 
cruise (18 March) at the stations shown in Figure 2-1. Samples of 
horse mussel, Modiolus modiolus, and hard shell clam, Mercenaria 
mercenaria, were collected at station 1 with a rocking chair dredge, 
and sea scallop, Placopecten magellanicus, were collected at station 
12 with a trawl. Samples were placed in plastic bags, packed in ice, 
and then frozen at the laboratory until analysis. Thawed samples 
were dissected, and the tissues digested for 16 h at 37°C in 4N 
NaOH in glass centrifuge tubes with Teflon-lined screw caps. The 
digested tissues were then extracted with methylene chloride. The 
organic phase was passed through a column of Na.SO, and silica 
gel to remove interfering material, and subsequently reduced in 
volume and solvent exchanged to hexane. Selected tissue samples 
were separated on a second column of silica gel into an aliphatic 
and an aromatic hydrocarbon fraction. All fractions were reduced 
in volume to 0.1 ml under a stream of nitrogen and stored at —5°. 

To prevent an excessive loss of the more volatile, low 
molecular weight components of the gasoline, the extracts of the 
samples were never evaporated to dryness. Procedural blanks were 
processed with samples in order to determine if contamination had 
occurred. 

Several gasolines were spilled by the barge. Standards of the 
gasolines were obtained from the USCG at Groton, Conn. A neat 
gasoline standard, a neat gasoline standard diluted in hexane, and a 
water-accommodated fraction of the gasoline (prepared by shaking 
10 ml of gasoline from the #1 port and 10 ml of gasoline from the 
#1 starboard tanks with 2 liters of seawater, and allowing the mixture 
to separate for 6 h before extraction) were analyzed to determine 
the efficiency of the analytical method. 

Water and shellfish samples were analyzed in a Hewlett 
Packard 5840A gas chromatograph equipped with a glass capillary 
column and a splitless injection port. The temperature program was 
35°C for 4 min and then 5°C/min to 250°C. The areas of the 
chromatograms ranging from peak 1 (Table 2-1) (C.-benzene) 
through peak 15 (C,-naphthalene) were integrated. Quantifications 
were obtained by relating these areas to areas of known alkyl 
benzene and alkyl naphthalene standards. 

The gas chromatographic-mass spectrometric (GC-MS) 
analyses were performed on a 30 m OV-101 glass capillary column 
in a Schimazdu model GC-4CM. This gas chromatograph was in- 
terfaced with a Finnegan 1015 mass spectrometer equipped with a 
Systems Industries Data System. 


Results.—Comparison of the analysis of the neat gasoline 
standard with that of the standard diluted in hexane showed that 
the solvent peak on gas chromatograms interfered with only a small 
number of the lowest molecular weight gasoline compounds 
(Dimock et al. 1980). Peaks in procedural blanks (Fig 2-2) were 


‘Environmental Protection Agency, South Ferry Road, Narragansett, RI 02882. 
’Graduate School of Oceanography, University of Rhode Island, Kingston, RI 
02881. 
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Figure 2-1.—Station sites at which water samples and bivalves were collected during cruises on 17 and 18 March 1978. The Ocean 250 
was grounded on Watch Hill Reef. 


Table 2-1.—Components of the Ocean 250 gasoline tentatively identified 
by mass spectrometry. 


Peak number Molecular weight Compound 
1 106 C,-benzene 
2 106 C,-benzene 
3 106 C,-benzene 
4 120 C,-benezene 
5 120 C,-benzene 
6 120 C,-benzene 
7 120 C,-benzene 
8 120 C,-benzene 
9 120 C,-benzene 
10 118 Indane 
11 134 C.-benzene 
12 128 Naphthalene 
13 142 2-methyl naphthalene 
14 142 1-methyl naphthalene 
15 156 C,-naphthalene 


small and interfered only slightly with analyses of the higher 
molecular weight gasoline compounds. A comparison of the 
analyses of the gasoline standard diluted in hexane with that of the 
water-accommodated fraction of the gasoline taken through the 
analytical procedure showed approximately 70% of the higher 
molecular weight compounds (i.e., C.-naphthalenes) and approx- 
imately 50% of the lower molecular weight compounds (i.e., 
C,-benzenes) were returned. Average recovery for all compounds 
was approximately 60%. The analyses of water samples in this 
report, however, were not corrected for these losses in the analytical 
procedure. 

Gas chromatograms of extracts from the water samples from 
stations 3, 4, and 7 revealed a pattern of peaks that was qualitatively 
similar to the patterns from the water-accommodated fraction and 
the gasoline standards. The water-accommodated fraction, the 
gasoline standard, and extracts from the station 7 water sample are 
compared in Figure 2-3. There was, however, an apparent greater 


relative loss of some of the lower molecular weight compounds in 
the water samples. Gas chromatograms of water samples from sta- 
tions 1 and 11 showed no detectable gasoline compounds, and the 
sample from station 2 showed only trace levels (Table 2-2). GC-MS 
analyses of the compounds in water samples from stations 3, 4, and 
7 showed that these compounds were alkylated benzenes, indane, 
naphthalene, and alkylated naphthalenes (Table 2-1). 


Table 2-2.—Concentrations of gasoline range hydrocarbons in 
water samples taken off Watch Hill Reef (Ocean 250 spill). 
Concentrations were not corrected for losses during extraction 
or chromatographic procedure. 


Total gasoline hydrocarbons 


Water station no. (C,-benzenes—C,-naphthalenes) 


Background value 
Trace levels (1.0 ppb) 
3 ppb 

10 ppb 

12 ppb 

Background value 


Kea kwWNe 


Extracts of shellfish showed gas chromatographic patterns 
similar to those obtained from gasoline standards in most samples 
(Fig 24), but interfering peaks were also prominent. GC-MS 
analyses showed many identical spectra from peaks in extracts of 
the Mercenaria mercenaria sample and from the gasoline standard. 


Discussion.—Experiments conducted to evaluate the analytical 
method showed it could consistently recover and measure most of 
the gasoline present in water samples (Dimock et al. 1980). The sol- 
vent peak on gas chromatograms obscured only a small number of 
gasoline peaks, and procedural blanks showed that interfering 
material was not introduced by the analysis. The average efficiency 
of recovery for the procedure was 60%, although it was more effi- 
cient in recovering the less volatile, higher molecular weight com- 


WATER - ACCOMMODATED 


FRACTION 


PROCEDURAL BLANK 


pounds (70%) than the lower molecular weight compounds (50%). 
This relatively greater loss of low end components was found to oc- 
cur during the final volume reduction phase of analyses. 

While visible slicks and gasoline odors were not apparent when 
the water samples were taken, comparisons of gas chromatograms 
from gasoline standards with those from water samples from sta- 
tions 3, 4, and 7 clearly indicated the presence of gasoline com- 
pounds (for station 7, see Figure 2-3). GC-MS analysis cor- 
roborated the presence of gasoline by identifying alkylated 
benzenes, indane, naphthalene, and alkylated naphthalenes in ex- 
tracts from these water samples. The levels of gasoline in these 
samples ranged from 3 to 12 ppb, with only trace amounts present 
in the sample from station 2. These stations were southwest of 
Watch Hill Reef which was the direction the slick moved before 
dissipating (Fig. 2-1). Samples from station 1, to the south of 
Watch Hill Reef, and from control station 11, to the east, did not 
show detectable levels of gasoline compounds. When compared 
with the gasoline standards and the water-accommodated fraction, 
chromatograms of water samples showed relative decreases in the 
amounts of lower molecular weight gasoline compounds (Fig. 2-3). 
While these decreases were at least partly due to losses in the final 
volume reduction during analysis, they may also reflect greater 
volatilization of the low molecular weight compounds to the at- 
mosphere during environmental exposure. 

With the exception of the sea scallop adductor muscle, which 
showed very low levels of compounds on gas chromatograms, 


Figure 2-2.—Gas chromatograms of the water-accommodated frac- 
tion of gasoline and a procedural blank. Both analyses were run on a 
30 m SE-52 glass capillary column: 35°C for 4 min, the 5°/min to 
250°C. 


samples of shellfish tissues showed low levels of compounds in the 
molecular weight region of gasoline. Comparisons of gas 
chromatograms of a water-accommodated gasoline standard with 
those from shellfish suggested the presence of gasoline compounds 
in these tissue samples (Fig. 2-4). The correlation of peak distribu- 
tion patterns in gas chromatograms from the gasoline standards 
and the bivalve tissues was not as clear as with the water samples 
because of the low levels found in the tissues, and due to interfering 
biogenic material. However, GC-MS analysis of tissues of the 
Mercenaria mercenaria samples showed the presence of hydro- 
carbon compounds typical of gasoline. Comparison with gas 
chromatograms from other bivalve samples suggested that they also 
may have contained these gasoline compounds. Since control 
organisms sampled prior to the spill were not available, it was not 
possible to determine if the presence of these compounds in the 
organisms resulted from the spillage of gasoline from the Ocean 250 
or from other sources such as industrial and municipal wastes. 
The accumulation and depuration of hydrocarbons from 
petroleum fuels by filter-feeding bivalves has been investigated 
(Blumer et al. 1970; Lee et al. 1972; Stegeman and Teal 1973; 
DiSalvo et al. 1975; Boehm and Quinn 1977; among others). In 
general these studies found that the majority of accumulated 
petroleum hydrocarbons were rapidly depurated from the 
organisms; however, Blumer et al. (1970) with Crassostrea virginica, 
and Boehm and Quinn (1977) with Mercenaria mercenaria found 
slow depuration of accumulated petroleum hydrocarbon com- 
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Figure 2-3.—Gas chromatograms of a gasoline standard in hexane, a water- 
accommodated fraction (WAF) of the gasoline standard, and a water sample from 
station 7. The standards were run on a 30) m SE-S2 glass capillary column. The 
water sample was run on a 30 m OV-101 column. All analyses: 35°C for 4 min, the 
§°/min to 250°C. 


pounds. Obviously, if the gasoline compounds found in filter- 
feeding bivalves in the present study were retained for extended 
periods, they would have a greater potential to harm the organisms 
and the consumers (including man). 

The toxicity of gasoline and its individual components to 
marine organisms has been investigated through several laboratory 
research efforts (Meinck et al. 1965; Crapp 1971; Brocksen and 
Bailey 1973; Jacobsen and Baylou 1973; Yevich and Barszcz 1976), 
but not much information is available concerning the envinronmen- 
tal impact of spills of gasoline. Bugbee and Walter (1973) con- 
ducted a biological survey along 21 km (13 mi) of Grace Coolidge 
Creek (South Dakota) where 18.9 thousand liters (5,000 gal) of 
aviation gasoline were spilled in November 1969. They found the 
biological impact to be severe, and almost a full year was required 
for nearly complete recovery. Because of the difficulties of ex- 
trapolating laboratory toxicity tests to field situations and due to the 
paucity of information concerning the impact of gasoline spills in 
the environment, it is difficult to assess, or even estimate, the 


ecological damage inflicted by the Ocean 250 spill. Nevertheless, it is 
apparent from this study that gasoline from the Ocean 250 did 
penetrate the marine water colmn in the vicinity of Watch Hill 
Reef. Gasoline was found in several water samples, and the data 
suggest that gasoline from the accident may have been accumulated 
by organisms at a depth of up to 10 m. 


Acknowledgment.—The assistance of funding from the EPA 
Grant No. R805477-02 is gratefully acknowledged. 


2.3 Hydrocarbon Analyses of Plankton Samples 


This section was prepared by E. J. Hoffman® and J. G. 
Quinn.* 


Collection procedures.—Plankton tows were conducted 
aboard RV Strider on 20 March 1978 (4 d after the Ocean 250 
gasoline spill) within an area 3.2 x 2.4 km between Watch Hill 
Point and Napatree Point, R.I. The station locations and location 
of the grounding along with the gasoline hydrocarbon analysis 
results of the water samples are given in Figure 2-5. The planktons 
were collected with paired 61 cm diameter bongo frames fitted with 
0.505 mm and 0.333 mm mesh nets towed in continuous double 
oblique patterns for 15 min. The 0.333 mm mesh sample was split; 
half of which was preserved for biological studies and the other 
half, used for the hydrocarbon studies, was frozen until analyzed. 
The 0.333 mm net was lost after four stations and the frame was 
refitted with a 0.505 mm net. Thereafter, one 0.505 mm net sample 
was split in the above manner and saved for hydrocarbon analyses. 
The collection data is given in Table 2-3. 


Analytical procedure.—The plankton samples were thawed 
and the seawater associated with the samples was removed by pass- 
ing the sample through a 45 mm stainless steel sieve. The plankton 
retained by the sieve were transferred to tared 50 ml centrifuge 
tubes. The samples were not dried in order to prevent loss of 
volatile gasoline components. (An estimate of the percentage 
moisture was determined on three separate plankton samples col- 
lected later especially for this purpose.) 


‘Graduate School of Oceanography, University of Rhode Island, Kingston, 
RI 02881. 


Table 2-3.—Plankton samples-collection data, Ocean 250 spill, 20 March 1978. 


Mesh size 
Station at Station at Time of Time of used for HC 
start of tow' end of tow start ‘end analysis split 
213 211 0937 0952 0.333 
214 215 0956 1011 0.333 
215 216 1023 1038 0.333 
217 210 1050 1105 0.333 
212 201 1114 1129 70.333 
208 209 1153 1207 0.505 
206 218 1221 1236 0.505 
205 204 1244 1259 0.505 
203 202 1309 1324 0.505 


‘Station numbering system is organized as follows: The prefix of two 
preceeding two digit station number refers to samples collected on the 3d leg of RV 
Strider 78-01. For example, 213 refers to a sample collected on 20 March 1978 (3d 
leg) at station 13. (The text refers to the station at the beginning of the tow). 

*Sample lost during collection. 
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FRACTION 
Figure 2-4.—Gas chromatograms of the water-accommodated frac- 
tion (WAF) of the gasoline and of Mercenaria mercenaria from sta- 
tion 1. The WAF was run on a 30 m SE-52 glass capillary column. 
Mercenaria mercenaria was run on a 30 m 30 m SE-54 column. Both 
analyses: 35°C for 4 min, the 5°/min to 250°C. 
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Figure 2-5.—Station locations, zooplankton tow directions, and water column gasoline hydrocarbon values at 
Ocean 250 spill site. 
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Each wet plankton sample was saponified (under nitrogen) 
with 0.5 N KOH-methanol in tightly capped centrifuge tubes stan- 
ding in a boiling water bath for 30 min. The resulting mixtures were 
cooled and the hydrocarbons (with nonsaponifiable lipids) were ex- 
tracted three times with 10 ml portions of hexane. The hexane ex- 
tracts were evaporated to 0.5 ml on a rotary evaporator at 30°C. 
One ,:1 of this extract was injected into a Hewlett Packard 5840A 
gas chromatograph equipped with a 15 m OV-101 glass capillary 
column. The injection and programming conditions are given in 
Table 24. 

Three types of standards were used in this study. For quantifi- 
cation, a measured amount of a mixed gasoline standard (1:1:1:1:1, 
Tank 1 Starboard, Tank 1 Port, Tank 2 Port, Tank 3 Port, and 
Tank 4 Port) was carried through the entire saponification- 
extraction procedure. The hydrocarbon activity of this process stan- 
dard was limited to peaks between retention times (RT) of 0 and 25 
min, boiling range about ~ C,-C,, (see Fig. 2-6). The areas under 
each peak in the plankton sample chromatogram from RT = 7 to 
25 min were summed. The area was related to concentration by use 
of a calibration curve constructed using various injection volumes 
of the processed standard. It was necessary to construct a calibra- 
tion curve using this gasoline standard because the relationship be- 
tween area and concentration was not linear and did not intercept 
zero. The two other standards, a nonprocessed gasoline mixture and 
a water-accommodated gasoline standard were used for matching 


Table 2-4.—Glass capillary analytical conditions, Ocean 250 spill. 


Volume injected | 


Column glass capillary, OV-101, 15 m, 0.25 mmi.d. 
Column flow 1.7 ml/min 
Auxiliary flow 21.5 ml/min 


Programming Temperature 1=35°C, held for 5 min, 
then the temperature was increased at a 
rate of 4°/min up to 250°C 

Hewlett Packard 5840A gas chromato- 


graph with integrator 


Instrumentation 


RESPONSE —> 


purposes employing the procedure of Hoffman and Quinn (1978). 
j 


Results and discussion.—The quantitative results for the 
plankton samples are given in Table 2-5. While each plankton sam- 
ple had readily measurable amounts of hydrocarbons, presumable 
natural and anthropogenic sources, only one sample (205) had 
hydrocarbon activity in the boiling range (C.-C,.) of the gasoline 
components. A comparison of the plankton sample, having 
gasoline components with one example of plankton with little or 
none of these components, is illustrated by chromatograms in 
Figure 2-7. The values given in Table 2-5 do not reflect total 
hydrocarbons. Total hydrocarbons for open ocean plankton 
samples have been previously shown to be on the order of 1-6% of 
the total lipid material (Lee et al. 1971). On a dry weight basis, this 
would represent 2,000 4. g/g. Total hydrocarbons in Georges Bank 
population have been reported in the range between 54 g/g and 
11,000 g/g (Boehm 1977°). The detection limits are also given in 
Table 2-5. Due to the high concentration of total hydrocarbons in 
each sample, it was not feasible to inject larger amounts into the 
chromatograph in order to attempt to see lower concentration levels 
of gasoline components without overloading the column severely 
with the higher molecular weight fraction. One persistent problem 
which affects all plankton analyses results from passing large 
volumes of water through a net to collect the plankton. Adsorption 
of organic material to the net and to particle surfaces during collec- 
tion may also result in the collection of hydrocarbons from the 
water as well as hydrocarbons associated with the plankton. Since 
previous studies have reported net fouling after oil spills (Gross and 
Mattson 1977), it is uncertain whether the high value found in 
plankton sample 205 was associated with the plankton or was col- 
lected from the water column. 


*Boehm, P. D. 1977. Hydrocarbon chemistry. Jn New England En- 
vironmental Benchmark, Fourth Quarterly Summary Report, October 13, 1977, 
Energy Resources Co. (BLM Contract AA 550-CT6-51), Chapter 5.1. Energy 
Resources Co., 185 Alewife Parkway, Cambridge, MA 02138. 
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Figure 2-6.—Chromatogram of gasoline mixture from the Ocean 250 spill carried through saponification-extraction procedure. 
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Figure 2-7.—Contrasting chromatograms from the Ocean 250 spill. Upper, sample 205 indicates presence of gasoline com- 
ponents; lower, little or no gasoline components are present in sample 213. 


Table 2-5.—Concentration of gasoline range hydrocarbons in plankton samples 
collected near the site of the Ocean 250 grounding. 


Weight of Weight of Concentration Concentration 
sample sample’ of gasoline? of gasoline? 
(wet wt.) (dry wt.) hydrocarbons hydrocarbons 
Sample Z gZ (xh HC/g wet wt.) (ug HC/g dry wt.) 

203 3.44 0.276 < 88 <1,100 
205 1.80 0.144 475 6,000 
206 3.75 0.301 <128 < 1,600 
208 2.62 0.201 < 61 < 760 
213 11.46 0.920 < 20 < 250 
214 3.96 0.318 < 58 < 720 
215 6.08 0.488 < 38 < 470 
217 7.91 0.635 < 29 < 360 


‘Calculated from three plankton samples collected on RV Strider 78-02; 
average moisture content was 92 + 1%. 
Boiling range ~ C.-C. 


Qualitatively, the plankton sample 205 had 18 peaks in com- 
mon with the water-accommodated gasoline chromatogram (Fig. 
2-8). In order to examine the match of the sample hydrocarbons 
with the hydrocarbons in the gasoline, the matching technique of 
Hoffman and Quinn (1978) which plots individual peak areas of the 
sample chromatogram versus the individual areas of corresponding 
peaks of a standard was used in this study. The matching exercise in 
this case, however, was complicated by the wide assortment of stan- 
dards available. The three standards used in the course of these ex- 
periments were as follows: 1) a 1:1:1:1:1 mixture of gasoline 


11 


samples from each of 5 tanks; 2) water-accommodated gasoline 
sample; and 3) 0.1 ml of the gasoline mixture carried through the 
saponification-extraction procedure used in the plankton analyses. 
Hereafter, these standards will be called standard 1, standard 2, and 
standard 3. 

Direct comparison of the plankton sample 205 with standard 2 
(water-accommodated gasoline) and standard 3 (processed gasoline) 
yielded very low correlation coefficients of 0.02 and 0.12. However, 
a comparison of standard 1 and standard 3 revealed a loss of the 
more volatile components of the whole gas (standard 1) when car- 
ried through the analysis procedure (standard 3). Figure 2-9 il- 
lustrates the nature of these routine losses. When the zooplankton 
sample 205 was corrected for these losses, the comparison of the 
sample with standard 2 yielded an improved correlation coefficient 
of 0.74. It is, therefore, clear that evaporative losses of hydrocar- 
bons from the zooplankton sample, either in the environment or in 
the analysis, was responsible in some degree for the lack of a cor- 
relation when the sample was matched without these corrections. 

A comparison of standard 2 and standard 3 yielded a correla- 
tion coefficient of 0.97, indicating that the losses occurring during 
processing also occurred in the process of water accommodation by 
evaporation or selective solubilization. If these losses occur in the 
laboratory during the 6 h of standing needed to prepare the water- 
accommodated standard (J. Lake'’), it is reasonable to assume that 


‘James Lake, Environmental Scientist, Environmental Protection Agency, 
South Ferry Road, Narragansett, RI 02882, pers. commun. March 1978. 


Figure 2-8.—Correspondence between chromatogram of water-accommodated 
gasoline (upper) and lower molecular weight portion of plankton sample 205 
(lower) from the Ocean 250 spill. 
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Figure 2-9.—Recovery of volatile gasoline components in saponification-extraction 
procedure. (RT = retention time.) 


such losses are also occurring in the environment, especially con- 
sidering the wave action, and the lapse of 4 d of time between the 
spill and the plankton collection. In addition to evaporative losses in 
the environment, the plankton may also selectively incorporate, 
metabolize, or retain only certain portions of the water- 
accommodated gasoline or gasoline droplets. A comparison of 
panels in Figure 2-8 shows that, while the alkyl benzenes are the 


most concentrated hydrocarbons in the standard, the naphthalene 
and substituted naphthalenes were the most concentrated in the 
plankton. Whether this is due to evaporative effects or selective up- 
take is unknown. 

While there was not a good match in a quantitative sense be- 
tween the plankton sample 205 and the gasoline standards 
presumably due to evaporative losses, selective solubilization, 
and/or selective uptake, there are two circumstantial considerations 
which suggest that the gasoline-type components in plankton 
sample 205 were from the Ocean 250 gasoline spill: 1) There were 
18 different hydrocarbons in the gasoline which were also found in 
this plankton sample; 2) this sample was collected near stations 
which had measurable amounts of gasoline components in water 
samples which were collected 2 d before the plankton samples (3-12 
ppb gasoline hydrocarbons; J. Lake, footnote 10). 


Acknowledgments.—The laboratory analyses were support- 
ed by EPA grant R805477, and the ship time was funded by 
NOAA. 

We wish to thank Carolyn Griswold, NMFS, for the sample 
collection and data collection; James Lake and Barbara Kyle, EPA, 
for the water-accommodated gasoline standard; the USCG for the 
samples of gasoline from the barge; and Kurt Norwood for the 
GSMS identification of aromatic components in the gasoline. 


2.4 Chemical Analyses of Fish Samples 


This section was prepared by P. D. Boehm"! and J. E. 
Barak."' 


Collection procedures. —A total of five 30 min groundfish 
trawls were made on 18 and 20 March 1978, using a 12 m net (Table 
1-2). The doors crossed on one trawl so no sample was obtained. 
Fish and invertebrates were sorted at each station, identified to 
species, and were frozen for hydrocarbon analyses (Table 1-3). 


Analytical procedure.—The fish were in good condition and 
remained frozen until tissue preparation was begun. Each in- 
dividual fish was filleted and the sample obtained from a combina- 
tion of the skin, adipose tissue, and muscle. The samples were cut 
into small pieces and wet weight (25-125 g) obtained (a subsample 
was kept for dry weight determinations). The weight range was due 
to both the size of the specimens and the number of individuals 
comprising each sample. The tissues were then digested in 0.3 N 
KOH-methanol in a screw-capped flask. The digestion mixture was 
covered with a layer of 25 ml pentane (Resi-Analyzed, Baker). The 
tissues were digested for 48 h on a shaker table after which time the 
mixture was extracted three times with pentane. The combined pen- 
tane extracts were concentrated down to 0.5 ml, and this volume 
was passed through a clean-up column of fully activated silica gel to 
remove polar lipid material. After eluting the column with 5 ml 


“Energy Resources Company, Inc., 185 Alewife Brook Parkway, Cambridge, 
MA 02138. 


pentane, the eluate was concentrated under purified nitrogen to 50 
Hl. 

One microliter out of 50 was injected into a Hewlett Packard 
5840A gas chromatograph equipped with a spitless injector system 
linked to a 15 m SE-30 glass capillary (WCOT) column. The oven 
was held at 30°C for 15 min and then temperature programmed at 
2°C/min to an upper temperature of 260°C. Peaks in the gasoline 
range were integrated directly by the gas chromatographic 
microprocesser. 

Concentrations were determined by comparison of the total 
area of the sample peaks in the gasoline range to that in a tissue 
spike of the combined cargo (Fig. 2-10). One microliter of a com- 
bination of the five cargos was spiked to fish tissue, and the spiked 
sample was carried through the entire procedure. Recovery of the 
spike was 95% relative to a direct injection of the cargo mixture on 
the gas chromatograph. To check on the possibility of evaporative 
losses in the sample concentration (evaporation) steps, a spike was 
administered to 250, ml CHCl, and the spikes solvent evaporated to 
50 wl, first by rotary evaporation and finally by careful use of a 
purified nitrogen stream. Losses by evaporative concentration were 
negligible. Therefore, the quantification procedure which was based 
on the detector response of an injection of a known volume of the 
recovered cargo spike was a valid and reproducible method. 


Results.—The gas chromatogram of the spiked fish tissue 
(Fig. 2-10) illustrates those components whose quantifications were 
the analytical objective of this study. All samples contained some 
higher molecular weight (HMW) hydrocarbon material. This is 
especially evident in the control sample (Fig. 2-10) and in other 
samples so designated in Table 2-6. The chemical nature of this con- 


Table 2-6.—Data summary of hydrocarbon analysis of fish samples collected near the site of the 
Ocean 250 grounding. Samples designated G had at least twice the control levels of measured com- 
ponents in the gasoline range. Those samples designated HWM had higher molecular weight 


petroleum components. 


Sample 


Macrozoarces americanus 

Scophthalmus aquosus 

Pseudopleuronectes americanus 

Limanda ferruginea 

Raja erinacea 

Myoxocephalus octodecemspinosus 

Tautogolabrus adspersus 

Gadus morhua 

Macrozoarces americanus 

Scophthalmus aquosus 

Limanda ferruginea 

Macrozoarces americanus 

Scophthalmus aquosus 

Pseudopleuronectes americanus 

Limanda ferruginea 

Raja erinacea 

Macrozoarces americanus 

Scophthalmus squosus 

Pseudopleuronectes americanus 

Raja erinacea 

Hemitripterus americanus 

Clupea harengus 

Pseudopleuronectes americanus 
Control 

Blank 


12 
12 
12 
12 
12 
12 
12 
12 
15 
15 
15 


Concentration of 
components in 
gasoline range 

from Figure 2-10 


Days (mg/g dry 
Station after spill weight of tissue) Designation 
+2 0.4 
0.5 
2.4 G 
1.9 G 
0.2 
0.5 
0.6 
1.1 
1.7 G 
0.6 HMW 
0.6 HMW 
+4 1.6 G 
0.5 
0.5 
0.3 HMW 
esl 
1.0 
0.2 
0.7 
0.2 
1.3 
1.9 G 
0.7 HMW 
0.0 
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Figure 2-10.—A sample spiked with Ocean 250 gasoline to illustrate two ranges of interest on the traces, that fer gasoline and that for higher molecular weight (HMW) 
petroleum and biogenic hydrocarbons. This can be compared to the lower gas chromatographic trace in which is illustrated a small amount of gasoline components and a larger 
amount of HMW biogenic compounds found in yellowtail fiounder collected at Station 112 in the area of the Ocean 250 spill. 


trol sample is of crucial importance in evaluating the analytical 
results of the other samples. As Figure 2-10 illustrates, there are 
several components in the gasoline boiling range (probably alkyl 
benzenes) present in the control animals. The chemical nature of 
these components is unknown at present. Examination of their 
structure and identification by combined GC-MS is suggested for 
further study. At present their structure and origin remains uncer- 
tain. Many of the actual samples contain these components, but it is 
difficult to ascribe their presence to recent incorporation of gasoline 
due to their presence in the control. 

However, Table 2-6 represents an attempt at an objective 
quantification of these compounds. Based on 1) the qualitative 
scrutiny of the gas chromatograms and 2) quantitative values 
higher than the control sample, five of the samples say contain 
small amounts of gasoline components acquired from the spilled 
gasoline. Without statistically rigorous measurements of control 
levels of these components, we cannot be sure of a cause and effect 
relationship concerning the component levels associated with those 


14 


samples designated by ‘‘G’’ in Table 2-6. The “‘G’’ designations in 
Table 2-6 reflect those samples having at least twice the control 
levels of the measured components. 

Of perhaps equal interest is the presence of large quantities of 
HMwW petroleum compounds in four of the flounder samples, in- 
cluding the control (Figs. 2-11, 2-12). The homologous series of 
n-alkanes and the dominance of the unresolved “‘hump’’ are keys 
to the HMW designation. Although not quantified, levels of HMW 
are two orders or rnagnitude (10°) higher than the gasoline concen- 
trations observed. The possibility remains that the fish specimens 
had depurated any assimilated gasoline during the 24 d period be- 
tween the spill and when the fish were captured and frozen. 


Conclusions.—The processes of selective solubilization and selec- 
tive uptake of gasoline components complicates our ability to pre- 
sent definitive ‘‘total gasoline concentrations.’’ A more fruitful ap- 
proach would be to focus on several key components—perhaps 
alkyl benzenes—and to follow their incorporation into marine 


! 


Figure 2-11.—Gas chromatographic trace illustrating no gasoline but a Isrge amount (~500 ppm) of petroleum (boiling range n-C13 to n-C30\windowpane flounder, 
station 115 from the area of Ocean 259 gasoline spill.) 


— 


Figure 2-12.—Gas chromatographic trace of yellowtail flounder flesh, station 115 of the Ocean 250 gasoline spill ~ 400 ppm of petroleum hydrocarbons—no gasoline. 


tissues. This would require some more rigorous analytical chemistry 
(i.e., some GC-MS work). However, the methods and procedures 
used in this study allow the following conclusions to be drawn: 


1. Gasoline consists of alkyl benzenes as a major aromatic 
hydrocarbon constituent. 


2. Componenits believed to be alkyl benzenes are observed in 
almost all samples as well as in the control but at low levels (1-2 
ppm). 


3. Five samples have concentrations of these constituents at 
levels at least twice the control value although statistical uncertain- 
ties in control levels as well as actual control levels of these com- 
pounds in species other than winter flounder, Pseudopleuronectes 
americanus, pose interpretative problems. 


4. Several samples contain HMW petroleum hydrocarbons 
at concentrations which are two orders of magnitude higher than 
the highest suspected gasoline levels. 


Acknowledgments.—The laboratory analyses were supported 
by NOAA Contract No. 02-78-D01-30. 
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2.5 Summary 


On 16 March 1978, the Ocean 250 spilled 2.6 million liters of 
gasoline into Block Island Sound. A slick which formed had 
dissipated within 10 h after gasoline stopped leaking from the 
damaged barge. On cruises during the following 4 d, samples of 
water and marine organisms including invertebrates, plankton, and 
fish were collected for gas chromatographic and GC-MS analyses. 
Gasoline compounds were found in the water column at concentra- 
tions up to 12 yg total gasoline compounds/liter. Low levels of 
hydrocarbons in the gasoline range were found in some shellfish 
from the contaminated area. The similarities of gas chromatograms 
and mass spectra from extracts of shellfish with those from the 
gasoline standards indicated that compounds from the gasoline 
spilled by the barge may have been incorporated by some of these 
benthic organisms. 

Gasoline components were found in one plankton sample col- 
lected between 1.6 and 0.8 km west of the grounding site and adja- 
cent to stations which contained 10-12 ppb of gasoline in water 
samples. The gasoline components in this one plankton sample did 
not match quantitatively the spilled gasoline presumably due to 
evaporative losses, selective solubilization, and/or selective uptake. 
Qualitatively, however, the plankton sample contained 18 


hydrocarbons in common with a water-accommodated gasoline 
standard. 

Twenty-three samples of flesh from 10 fish species collected in 
the area of the Ocean 250 spill were analyzed for gasoline hydrocar- 
bons. Five samples had levels ranging from 1.6 to 2.4 ppm or twice 
that found in the control sample (0.7 ppm). However, all samples 
contained some HMW petroleum hydrocarbons; although not 
quantified, several samples had levels of HMW two orders of 
magnitude higher than the gasoline concentrations observed. 

Despite the volatile nature of gasoline, the water movement 
due to tides and winds, the consequent redistribution of 
zooplankton, and the probable movement of fish in and out of the 
area immediately adjacent to the spill, results of analyses on water, 
plankton, fish, and the immobile benthic invertebrates show the 
presence of detectable levels of gasoline components. This indicates 
a distribution of the gasoline at least for a short time throughout the 
water column. The low levels found in the shellfish and plankton 
could reflect a short period of exposure and the possibility of rapid 
depuration. 

The presence of HMW hydrocarbons in many of the fish 
samples is indicative of a chronic release of petrogenic hydrocar- 
bons into the coastal and marine waters. The impact of this release 
on fish populations and human health is not known at this time. 


3.0 BIOLOGICAL ANALYSES 
3.1 Introduction 


The impact of oil spills on nearshore marine habitats and 
renewable resources has been increasingly well documented over the 
past decade. Much of this information was summarized in the 
Oil/Environment-1977 Symposium, and since then the impacts of 
the Amoco Cadiz and Campeche spills have been reported. 
However, these spills and subsequent studies have been of crude or 
light oil products; there had been no significant gasoline spill in the 
northeastern United States from which to draw inferences or com- 
parisons of impact on marine communities at the time of the Ocean 
250 spill. However, in the following studies an attempt was made 
to characterize the species composition and abundance of benthic 
and zooplankton communities in the area of the spill and to deter- 
mine if there was any detectable adverse impact by the gasoline on 
these communities. Additionally fish eggs collected in neuston and 
plankton nets were examined for cytogenetic damage, since similar 
analyses of fish eggs collected from areas impacted by various 
pollutants, including oil, showed increased incidences of abnormal 
mitotic divisions, development arrest, abnormal patterns of cell dif- 
ferentiation, and other early indicators of embryo death (Longwell 
1977; Longwell and Hughes 1989, In press). 


3.2 Analysis of Benthic Macrofauna from the Area of 
Ocean 250 Gasoline Spill 


This section was prepared by Sheldon D. Pratt. 


Methods.—Triplicate Shipek grab samples were taken at six 
stations on a 0.8 km grid previously established by the NMFS (Fig. 
3-1). Relatively shallow stations were chosen where dilution of 
gasoline components through vertical mixing would be minimized. 


“Graduate School of Oceanography, University of Rhode Island, Kingston, 
RI 02881. 
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The Shipek grab samples an area 0.04 m? and a maximum 
depth of around 10 cm. Penetration was poor in fine compact 
sands and samples with a depth of as little as 2 cm were retained for 
analysis. 

Samples were preserved in rose-bengal formaldehyde and siev- 
ed to 0.5 mm. For six samples the sediment passing the sieve was 
saved and combined with residue from faunal sorting for grain size 
analyses. Dried samples were sieved through a series of 10 screens 
(2.0-< 0.074 mm) on a ro-tap machine and size fractions weighed. 

Fauna were identified to species in most cases. Indicators of 
recent death or of morbidity were looked for as the fauna was 
counted. 


Results and discussion. 


Physical environment.—Station locations and water depths 
are shown in Figure 3-1 and Table 3-1. The visual appearance of 
the sediments and grain size distributions are given in Table 3-1 
and Figure 3-2. 

All of the sediments indicated the dynamic nature of the 
seafloor in the spill area. Sediment at station 7, in a passage between 
rock reefs, consisted of rounded, rust-stained gravel and coarse 
sand washed free of fine sediments by both wave and tidal currents. 
Sediments at station 17 were a very well sorted fine sand stained a 
dark rusty brown. This is probably the end product of vigorous 
and continuous sorting of lower beach material in an oxidizing en- 
vironment. 

The remaining samples were fine sand with gravel and silt. 
High concentrations of blue mussel shell particles gave these 
sediments a light gray color. Disaggregating fibrous shell material 
clouded the water during sieving. The sediments from which blue 
mussels were recovered consisted of medium sand and a fine sand 
and silt fraction. Samples 5-1, 5-2, and 7-2 were too silty for sieve 
analysis. It can be assumed that the fine sediment fraction is a result 
of the trapping action and biodeposition of the mussel colonies. 
These fine sediments are probably at least partially swept away by 
winter storms. 


Mussels.—Clusters of the blue mussel were collected in 
samples 5-1, 5-2, 5-3, and 7-2. The mussels were attached to each 


Table 3-1.—Shipek grab sampke descriptions (Ocean 250 spill). One sample from 
each station was analyzed for grain size. Sample 8-2 was not preserved properly and 
was discarded. Stations depicted in Figure 3-1. 


Sample Grain 
Station Depth volume size mode 
sample (m) (liter) (mm) Visual descnption 
2-1 34 0.75 0.177 gray shelly silty fine sand 
2-2 1.0 _ gray shelly silty fine sand 
2-3 0.75 = gray shelly silty fine sand 
5-1 9 3.0 — silty sand with live mussels 
5-2 2.0 = silty sand with live mussels 
5-3 0.75 0.5 sand with live mussels 
61 8 0.8 a gray shelly fine sand 
6-2 0.8 — gray shelly fine sand 
63 0.75 0.177 gray shelly fine sand 
7-1 9 1.0 — rounded gravel 
7-2 0.75 — silt, sand, gravel with mussels 
73 2.0 1.0 coarse sand, gravel 
8-1 23 1.3 _ sand, gravel 
8-3 1.8 0.25 sand, gravel 
17-1 12 1.3 — brown fine sand 
17-2 0.9 — brown fine sand 
17-3 0.75 0.177 brown fine sand 
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Figure 3-1.—Watch Hill, R.I., survey area. Location of grounding of Ocean 250 marked by asterisk. Benthic grab sampling stations marked by open circles. 
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other and not to substrate which was silty sand. All individuals were 
less than a year old as indicated by their lengths (<4 cm), single size 
mode, absence of annual growth rings, and absence of fouling 
organisms. Winter storms may move or bury portions of this soft- 
bottom population. It is assumed that the extensive rocky substrate 
in the area supports mussels which reach maturity. 

Data on the sizes of live mussels and of shells which are dead 
but still articulated (clappers) are given in Figure 3-3. Clappers made 
up a small, relatively consistent, proportion of each collection and 
did not include the largest animals. Several had been drilled by 
predatory gastropods. No clappers had tissue in their shells. It is 
assumed that if a mussel had been killed or weakened by exposure 
to gasoline within 2 d, tissue would have been present at the time 
of sampling. 

The concentrations of hydrocarbons of 12, 10, and 3 ppb in 
the water near Watch Hill Reef on 17 March (J. Lake et al., see sec- 
tion 2.2) are well below the 5-50 ppm levels of soluble aromatic 
hydrocarbons which are actually toxic to tested bivalves (Hyland 
and Schneider 1976). Gilfillan (1975) commented on the relatively 
high resistance of blue mussels to acute hydrocarbon exposure. 
Mussels have been found to accumulate hydrocarbons in their 
tissues when exposed to high concentrations of oil [1,000-5,000 ppm 
dry weight in an oil spill area (Straughan 1977); 600-1,200 ppm dry 
weight near a refinery effluent (Burns and Smith 1977)). 


Figure 3-2.—Grain size distributions of representative benthic 
grab samples from the survey area of the Ocean 250 spill. 


STA. 5-1 STA.5-2 Mussels may show sublethal effects from very low concentra- 
_ aoa 384 (II) 580 (22) tions of hydrocarbons. Gilfillan (1975) found that as little as 1 ppm 
of the water soluble fraction of crude oil increased respiration while 
decreasing feeding and assimilation of mussels. Gonzalez et al. 
(1979) found a decrease in the filter-feeding rate of mussels at con- 
centrations of water-accommodated fraction of No. 2 fuel oil as 
low as 10 ppb. 
It seems likely that exposure to gasoline in the areas sampled 
(0.8 and 1.6 km from the grounding and at a depth of 10 m) was 
below acutely toxic levels. Reduced filtering rate or shell closure 
STA. 7-2 could also have reduced effective exposure and toxic effects. 

207 (4) Because of the ability of mussels to accumulate hydrocarbons, 
more extensive collections and analysis may have indicated the 
horizontal and vertical distribution of gasoline in the spill area. In 
retrospect it seems that an opportunity was lost to observe the ef- 


NUMBER 


Figure 3-3.—Size class distributions of blue mussels, Mytilus edulis, from benthic 

grab samples. ‘‘Clappers’”’ are the shells of dead animals which are still attached. 

Total number of live and clapper mussels (in parentheses) are shown under sample 
. Station locatio indicated in Figure 3-1. 

LENGTH INTERVAL (cm) seaaasinaane alpaca? 


Table 3-2.—Benthic fauna recovered from Shipek grab samples in the vicinity of Watch Hill Reef (Ocean 250 spill). 


Station-grab 2-1 2-2 2-2 5-1 5-2 5-3 61 62 6-3 7-1 7-2 7-3 8-1 8-3 17-1 -17-2—-:17-3 


Mollusca: 
Lunatia heros 1 1 
Lunatia triseriata 1 
Mitrella lunata 1 
Nucula annulata 1 2 1 
Mytilius edulis 384 580 80 270 
Musculus sp. 1 
Crenella descussata 1 
Astarte undata 1 
Astarte castanea 1 
Crassinella mactracea 1 1 
Cyclocardia borealis 1 2 
Arctica islandica 
Cerastoderma pinnulatum 1 1 
Spisula solidissima 3 1 1 
Tellina agilis 6 10 10 9 2 1 
Periploma sp. 1 
Crustacea: 
Harpacticoid copepods 1 1 1 
Ostracoda spp. 2 
Chiridotea tuftsi 1 1 4 
Erichsoniella filiformis 1 
Tanaidacea sp. 5 2 2 2 4 1 1 4 4 
Elasmopus levis 1 
Maera danae 
Sympleustes glaber 
Parametopella cypris 
Ampithoe sp. 1 
Acanthohaustorius intermedius 1 3 3 
Protohaustorius wigleyi 2 3 
Bathyporeia parkeri 3 
Phoxocephalus holbolli 
Paraphoxus epistomus 2 5 
Lysianopsis alba 
Microdeutopus sp. 1 1 
Unciola irrorata 1 1 2 
Erichthonius sp. 1 1 
Corophium sp. 1 
Byblis serrata 43 1 1 4 
Ampelisca vadorum 1 1 2 1 1 
Proboloides holmesi 3 
Pagurus longicarpus 1 
Cancer irroratus 
Polychaeta: 
Lepidonotus squamatus 2 4 1 
Harmothoe extenuata 27 
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fects of very high levels of gasoline on mussels by not using scuba 
divers to collect them in the immediate area of the grounded barge. 


Benthic infauna. 


Data.—Counts of benthic fauna recovered from grab samples 
are given in Table 3-2. Sample 8-2 was improperly preserved and 
was not sieved. The varying sample volumes mentioned in Table 3-2 
should be noted. 

Although the species list is long, the populations of this area 
are of low density and of low biomass with the exception of mussel 
beds. Many records consist of a single individual and many of the 
individuals are juveniles or small species. 


Condition of infauna.—The condition was assessed by visual 


‘means from preserved samples. Little information exists on the 
characteristics to look for in such an assessment. I have observed 


Table 3.2-Continued. 


Station-grab 2-1 5-1 5-2 5-3 


Euphrosinid sp. 1 
Eumida sanguinea 1 
Phyllodocid sp. 
Goniadella gracilis 3 
Nephtys picta 1 
Aglaophamus circinatus 
Nereis diversicolor 2 
Nereis pelagica 1 1 
Syliis cornuta 
Exogone verugera 6 2 9 3 2 
Syllid spp. 1 1 
Microphthalmus sczelkowii 
Capitella capitata 1 3 29 95 115 
Mediomastus ambyseta 1 
Clymnella torquata 2 1 2 
Travisia carnea 
Spio filicornis 1 
Spio setosa 
Scolelepis squamata 
Polydora socialis 
Spiophanes bombyx 1 
Aricidea jeffreysii 1 2 23 
Paraonis sp. 3 
Sabellaria vulgaris 3 1 
Marphysa belli 1 
Drilonereis sp. 1 
Magelona rosea 
Scolopus robustus 
Tharyx acutus 1 
Tharyx spp. 1 2 6 2 
Polycirrus medusa 
Pherusa affinis 
Potamilla reniformis 
Pisione remota 
Echinodermata: 
Asterias sp. 1 1 
Amphiurid sp. i 1 
Strongylocentrotus droebachiensis 1 
Other groups: 
Actiniaria (Anemones) 1 
Platyhelminthes (flatworms) 1 
Rhynchocoela (Nemerteans) 3 3 
Nematoda 13 
Phascolion strombi (Sipuncula) 1 
Individuals per sample 
Species per sample 
Sample volume (liters) 
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19 


SL OAS EH) 


6-1 


50 


0.8 


19 


animals killed by anoxia and cold temperatures in the field and by 
high temperatures in the laboratory. When amphipods die the in- 
ternal tissue breaks down rapidly leaving a transparent ‘‘ghost,”’ 
dead amphipod eggs become cloudy, dead polychaetes are flaccid, 
and dead bivalves gape. I assume that full guts in amphipods and 
polychaetes show some degree of normal activity. 

The time required for tissue breakdown after death is not 
known, but it is assumed to be more than 2 d at winter 
temperatures. I have observed diminished scavenging rates in 
Rhode Island estuaries at low temperatures. Activity is probably 
somewhat reduced in open waters as well. A more serious problem 
in interpreting these results is that many infaunal amphipods, 
polychaetes, and bivalves leave the sediment when under stress and 
dead animals could have been washed away from the site of a kill. 

No dead animals were observed in these samples. All 
articulated bivalves were free of tissue remains and most were 
somewhat weathered. The only visible abnormalities seen were dark 


6-2 6-3 7-1 7-2 7-3 8-1 8-3 17-1 17-2. 17-3 
1 
1 
2 1 
2 
3 4 2 2 3 
2 
12 1 2 2 
3 1 3 
E: 32 3 1 5 
5 
1 57 
1 
3 
3 2 
1 2 
1 1 
1 
1 2 2 2 2 
1 2 
1 1 
4 2 
2 
1 
7 9 12 1 
3 12 4 
2 1 59 2 1 
1 
2 
9 
2 12 E 
5 51 1 48 25 19 28 4 
15 72 24 531 65 66 97 28 18 28 
8 14 11 25 12 20 24 13 8 12 
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particles adhering to the exterior of an amphipod, Acan- 
thohaustorius intermedius, from sample 7-1 and missing but healed 
appendages in other amphipods. 


Benthic assemblages present at the site.—It is useful to group 
samples according to their faunal composition to aid in recognizing 
deviations from the norm and in interpreting the effects of the 
physical environment or fauna. 

The most striking faunal assemblage in these samples is that 
associated with mussel beds (5-1, 5-2, 5-3, 7-2). This includes two 
species of scale worms, epifaunal amphipods, and a number of 
deposit-feeding polychaetes (species of Tharyx, Polycirrus, 
Aricidea, Capitella). Capitella capitata is often used on an indicator 
of organic pollution. I find it present in mussel biodeposits in 
Rhode Island in the winter, presumably responding to the presence 
of organic sediments rather than pollutants. 

Stations outside Watch Hili Reef (2, 8, 17) were characterized 
by species adapted for unstable sandy bottoms. These species which 
are widespread in Block Island Sound and the nearshore con- 
tinental shelf included shallow-burrowing bivalves, free-burrowing 
amphipods (haustorids and phoxocephalids), a tube-dwelling 
amphipod (Byblis sp.), and free-burrowing nepthid polychaetes and 
nemertine worms. 

The most numerous species in the coarse sand and gravel at 
station 7 were interstitial sillid polychaetes. 

Station 6 had such low numbers of species and individuals that 
dominants cannot be identified. This poverty of fauna can be con- 
trasted with the abundant fauna at station 5 which is at similar 
depths 0.8 km to the west, but which was colonized by blue 
mussels. 

Some background data on benthic fauna exists for areas adja- 
cent to the spill site. Biernbaum (1975) examined amphipods at sta- 
tions off Napatree Point and south of Fishers Island East Point. His 
samples were large, and he recovered a total of 28 amphipod species 
from these stations. These appear to be distinct seasonal groups in 
his collections. Epifaunal and free-burrowing species were found in 
the winter, and tube builders were found in the summer. This sug- 
gests a response to sediment stability. The amphipods found in the 
spill samples are the same species found in Biernbaum’s winter 
samples. 

East Hole, a depression southeast of Fishers Island 37-55 m 
deep, was studied in detail by Steimle et al. (1976).'* The presence 
of a diverse and productive assemblage of tube-dwelling amphipods 
there illustrates the negative effects of wave exposure on the level 
bottom benthos in the spill area. It is assumed that depth provides 
some protection from spills such as this because of the greater 
volume of water with which water soluble components have to mix 
and the greater distance that buoyant droplets would have to be 
vertically advected. 

With the exception of blue mussels, the amphipod Bybiis sp., 
and a number of small bivalves, most of the dominant infaunal 
species in the spill area are deposit feeders. Since all feeding types 
are exposed to water soluble gasoline fractions through respiratory 
currents, there may be no reason to expect differential effects from 
a spill of this type. 

Very few predators or scavengers were recovered in these 
samples and so no projections of food web effects can be made. 


'Steimle, F. W., C. J. Byrne, R. N. Reid, and T. R. Azarovitz. 1976. 
Hydrology, sediments, benthic macrofauna and demersal finfish of an alternative 
disposal site (East Hole in Block Island Sound) for the Thames River (Connecticut) 
dredging project. Final Report. Northeast Fisheries Center Sandy Hook 
Laboratory, NMFS, NOAA, Highlands, N.J., Informal Report 110, 61 p: 
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The northward range of the polychaete Pisone remota has 
been extended from Delaware Bay to Rhode Island by its occur- 
rence at station 17. 


Condition of benthic assemblages.—In studies of stressed en- 
vironments it has been found that there are changes in the density 
and diversity of benthic fauna and that sensitive species are replaced 
by more resistant ones. This type of change was not expected at the 
Watch Hill Reef site because of the limited duration of gasoline ex- 
posure. It is possible, however, that a study of infauna data would 
show that one or more species was absent where expected either due 
to mortality or escape to the surface. 

No examples of such defaunation are detectable from the data 
of this study. Where species were abundant enough to be sampled 
adequately, densities are similar in samples from similar habitafs. 
The samples with very low numbers of animals were small in 
volume and came from areas of sediment instability. 

Crustaceans have been identified as especially sensitive to 
hydrocarbon toxicity, but there are no samples in which this group 
is obviously reduced. 


Adequacy of study.—The samples from shallow areas sur- 
rounding the spill site appear adequate to detect any mass mortality 
of benthic fauna. Either presence of recently dead fauna or absence 
of fauna from assemblages could have been identified. I consider 
the time spent separating and identifying infauna worthwhile 
because it assured that all individuals were examined for visible ab- 
normalities and gave information on the fauna at risk and on the 
probable physical environment at the site. 

Emphasis on immediate mortality rather than long-term 
biological ‘‘imbalances’’ seems justified in this area. Since the fauna 
is controlled by substrate instability, it is unlikely that long-term 
changes due to the relative sensitivity of predators or competitors 
would be detectable. There may be some species or groups which 
are sensitive to gasoline fractions and could be rapidly identified 
and examined. No such animals were identified in this study, 
however. 

It seems likely that the greatest exposure to gasoline must have 
been on the rocks on which the barge was grounded. However, 
logistic problems prevented sampling of the epifauna in that area, 
so an opportunity was lost to learn about the resistance of epifauna 
to an acute exposure to gasoline in a natural setting. It is possible 
that in this situation motile epifauna such as amphipods may have 
left the substrate and indicate gasoline exposure by their absence. 


Acknowledgments.—This work was supported by NOAA 
PO 011-8D04-00063 through the NMFS, Narragansett Laboratory. 
Carolyn Griswold (NMFS, Narragansett Laboratory) coordinated 
field collections. Andrea Knapp and Carol Price (URI) sorted, 
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3.3 Zooplankton Community Structure in the Area of 
Ocean 250 Gasoline Spill 


This section was prepared by Jerome Prezioso’* and Carolyn 
A. Griswold."* 


Sampling procedure.—Paired 61 cm aluminum bongo frames 
fitted with 0.333 and 0.505 mm mesh nets were towed in continuous 


‘Northeast Fisheries Center Narragansett Laboratory, National Marine 
Fisheries Service, NOAA, South Ferry Road, Narragansett, RI 02882. 


double oblique patterns for 15 min. Nine stations were sampled on 
20 March and nine on 10 April (Table 3-3, Fig. 1-2). All samples 
were preserved in buffered 4% formaldehyde except for the 20 
March 0.333 mm mesh samples from stations 13, 14, 15, and 17. 
These were split: one-half was frozen for hydrocarbon analyses and 
one-half preserved in formaldehyde. The 0.333 mm net was lost 
after four stations and the frame was refitted with a 0.505 mm net. 
Thereafter at stations 3, 5, 6, and 8 one 0.505 mm sample was split 
and the other was preserved whole. 

On 10 April three 0.333 mm samples (stations 1, 11, 14) were 
split. One-half of each of these was frozen for hydrocarbon 
analyses and one-half was preserved. The 0.505 mm samples and 
the remaining 0.333 mm samples were preserved. 


Table 3-3.—Summary of plankton samples collected on RV Strider cruises 78-01 
and 78-02 in the area of the Ocean 250 grounding. Zero indicates duplicate 0.505 
mm mesh samples and no 0.333 mm mesh samples; x indicates 0.333 mm and 0.505 
mm mesh samples. 


Plankton 
Station RV Strider cruise 78-01 RV Strider cruise 78-02 
number 20 March 1978 (day 4) 10 April 1978 (day 21) 
1 x 
3 0 x 
5 0 x 
6 0 Xi 
8 0 
9 x 
10 
12 xe 
13 x x 
14 x x 
15 x 
16 x 
17 x 
Total 9 9 


‘0.333 mm mesh net lost; no sample—replaced with 0.505 mm mesh net. 


Laboratory procedure.—All fish eggs and larvae were re- 
moved from the 20 March and 10 April 0.333 mm and 0.505 mm 
samples. They were identified, counted, and then sent to Arlene 
Longwell of the NMFS Laboratory at Milford, Conn., for 
cytogenetic studies (Hughes and Longwell, see section 3.4). 

Each plankton sample was subsampled with a Folsom splitter 
until the total number of animals in the subsample was reduced to 
between 500 and 1,000. The zooplankton were identified and 
counted, and the number of animals per sample was calculated. 


Results and discussion.—The species composition is typical of 
a coastal community with estuarine, coastal, and offshore species. 
Oikopleura sp. was the dominant organism in March following the 
spill, but was absent in April samples. Balanus balanoides nauplii, 
Pseudocalanus minutus, Tortanus discaudatus, Temore longi- 
cornis, and Acartia clausi characterized both sampling periods. Like 
Oikopleura sp., Sagitta elegans numbers varied between the two 
cruises, but S. elegans has been observed to have distinctly patchy 
distribution. These findings are summarized in Table 3-4 where 
relative abundance, dominance indices, and elementary statisitics 
were calculated for the plankton samples from each cruise follow- 
ing the method of Fager and McGowan (1963). For this analysis all 
plankton samples from each cruise were grouped by mesh size to 
minimize sampling bias. 
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The plankton community showed little change during the 
postspill period. Damage or alteration to the community was not 
evident. Species composition and abundance at the time just fol- 
lowing the spill and 3 wk later remained fairly constant. The only 
major change in population composition observed was the large 
number of Oikopleura sp. which dominated the plankton samples 
immediately after the spill, but which was entirely absent in the 
samples from the follow-up cruise. This is probably attributable to 
a population bloom and the patchy nature of plankton rather than 
to an effect of gasoline contamination. 

No visual evidence of external hydrocarbon contamination 
was observed during the identification process. 


Acknowledgments.—The authors extend their gratitude to 
Thomas McKenney (NMFS, Narragansett Laboratory) for his help 
in the collection of the samples and to Janet Murphy (NMFS, 
Woods Hole Laboratory) and Joseph Kane (NMFS, Narragansett 
Laboratory) for analyzing the plankton samples from RV Strider 
cruises 78-01 and 78-02, respectively. We are particularly grateful to 
Thomas Plichta (NMFS, Narragansett Laboratory) for running the 
Fager statistical program. 


3.4 Cytological-Cytogenetic Analyses of Fourbeard Rock- 
ling and Yellowtail Flounder Eggs from Plankton at 
Ocean 250 Gasoline Spill 


This section was prepared by J. B. Hughes'* and A. Crosby 
Longwell.'* 


Methods.—All fish eggs were picked out of the plankton col- 
lections and identified as to species. Eggs were those of the 
fourbeard rockling and yellowtail flounder. Both species have 
buoyant eggs which float near the water surface (Bigelow and 
Welsh 1924). Fourbeard rockling eggs were common at more 
stations throughout the sampling period. As many as 311 fourbeard 
rockling eggs and only 16 yellowtail flounder eggs were collected. 
All eggs were used in the following studies. 


Eggs were preserved, along with other plankton, in a 1:10 
dilution of neutralized formaldehyde. A few of the fourbeard 
rockling eggs were dehydrated and goldplated for scanning electron 
microscopy. 

To examine the eggs and their chorions in the ordinary light 
microscope, the chorion was dissected off the egg, the yolk re- 
moved and discarded. The embryo and chorion were stained and 
squashed separately. The stain used was 2% orcein in 45% acetic 
acid mixed 19:1 with proprionic acid (Longwell and Hughes 1980). 
Eggs were first sorted as to development stage, and their gross 
morphology was examined. 


Results and discussion. 


Condition of chorion, outer egg membrane, of fourbeard 
rockling eggs. —The outer egg membranes of three fourbeard rock- 
ling eggs taken 4 d after the gasoline spill, 20 March, examined with 
the 100 x objective of the light microscope, showed areas of gross 
deterioration. Other portions of the same chorions still showed 
normal structure with pinhole pores. See Figures 34 to 3-7. The 
poor condition of the egg chorion in this small sample of eggs may 


‘‘Northeast Fisheries Center Milford Laboratory, National Marine Fisheries 
Service, NOAA, Milford, CT 05460. 


Table 3-4.—Relative abundance indices (see Fager and McGowan 1963) for zooplankton from plankton stations, Ocean 250 spill. 


Mean Domi- Disper- Fre- % occur- 
Species Rank' nance? Range’ Median‘ Mean‘ sion® SD quency” rence" 


Bongo 0.333 mm zooplankton, 20 March 1978 (RV Strider Cruise 78-01) 


Oikopleura sp. 26.00 2/4 26,501-61,331 42,937 43,426.8 .,419.301 16,696.39 4/4 100.0 
Balanus sp. nauplii 24.00 0/4 1,892-12,746 5,805 6,562.3 3,148.500 4,545.46 4/4 100.0 
Pseudocalanus minutus adult 23.38 0/4 2,524-11,863 5,016 6,105.0 3,044.235 4,311.04 4/4 100.0 
Pseudocalanus minutus copepodite 21.00 0/4 442-12,998 2,997 4,858.5 6,360.352 5,558.94 4/4 100.0 
Gastropod eggs 20.88 0/4 1,892- 4,795 2,713 3,028.5 633.433 1,385.05 4/4 100.0 
Sagitta sp. 20.50 0/4 1,262- 4,038 2,902 2,776.3 657.720 1,351.29 4/4 100.0 
Tortanus discaudatus copepodite 20.25 0/4 505- 4,543 2,555 2,539.5 1,290.035 1,809.98 4/4 100.0 
Tortanus discaudatus adult 20.13 0/4 442- 3,912 2,933 2,555.3 903.989 1,519.84 4/4 100.0 
Acartia sp. adults 18.00 0/4 441- 4,398 1,262 1,840.8 1,712.073 1,775.25 4/4 100.0 
Polychaete larvae 17.75 0/4 505- 2,145 1,262 1,293.5 642.924 911.93 4/4 100.0 
Invertebrate eggs 17.38 0/4 505- 1,893 851 1,025.3 368.573 614.72 4/4 100.0 
Oithona sp. 16.50 0/4 126- 4,291 1,293 1,751.0 1,810.931 1,780.71 4/4 100.0 
Temora longicornis adult 13.38 0/4 63- 884 409 441.5 271.028 345.92 4/4 100.0 
Centropages hamatus adult 12.25 0/4 252- 378 283 299.3 12.158 60.32 4/4 100.0 
Acartia sp. copepodite 10.65 0/4 310-379 379 267.0 122.629 180.95 3/4 75.0 
Medusae 10.13 0/4 252- 379 252 220.8 114.348 158.88 3/4 75.0 
Pteropoda 9.38 0/4 126- 883 252 315.3 488.013 392.23 3/4 75.0 
Centropages hamatus copepodite 6.63 0/4 63- 252 . 78.8 180.600 119.26 2/4 50.0 
Eurytemora herdmani adult 5.75 0/4 252- 252 * 63.0 252.000 126.00 1/4 25.0 
Temora longicornis copepodite 5.75 0/4 252- S252 = 63.0 252.000 126.00 1/4 25.0 
Cladocera 5.50 0/4 126 126 . 31.5 126.000 63.00 1/4 25.0 
Copepod nauplii 5.50 0/4 126- 126 GF 31.5 126.000 63.00 1/4 25.0 
Bivalve larvae 5.13 0/4 126- 126 31.5 126.000 63.00 1/4 25.0 
Eurytemora herdmani copepodite 5.13 0/4 126 126 . SES 126.000 63.00 1/4 25.0 
Harpacticus sp. 5.13 0/4 126- 126 c 31:5 126.000 63.00 1/4 25.0 
Siphonophora 5.00 0/4 63- = 63 : 15.8 63.000 31.50 1/4 25.0 


Bongo 0.505 mm zooplankton, 20 March 1978 (RV Strider cruise 78-01) 


Oikopleura sp. 33.89 3/9 327-25,176 3,013 6,730.4 —11,495.074 8.795.85 9/9 100.0 
Sagitta sp. 32.22 0/9 60- 2,902 986 1,266.3 803.357 1,008.62 9/9 100.0 
Tortanus discaudatus adult 31.78 0/9 S1- 1,451 835 794.2 187.835 386.24 9/9 100.0 
Balanus sp. nauplii 30.17 0/9 118- 946 272 402.6 184.049 272.19 9/9 100.0 
Tortanus discaudatus copepodite 29.06 0/9 54 «678 213 325.9 142.052 215.16 9/9 100.0 
Polychaete larvae 28.78 0/9 15- 568 229 253.1 203.612 227.02 9/9 100.0 
Pseudocalanus minutus adult 27.39 0/9 13- 599 189 190.1 185.885 187.99 9/9 100.0 
Centropages hamatus adult 25.44 0/9 14 122 62 61.3 21.461 36.28 9/9 100.0 
Temora longicornis adult 24.39 0/9 4 174 55 57.3 44.080 50.27 9/9 100.0 
Gastropod eggs 21.50 0/9 5- 1,293 160 256.0 798.081 452.01 6/9 66.7 
Medusae 21.17 0/9 12-189 63 58.2 62.454 60.30 1/9 77.8 
Harpacticus sp. 20.94 0/9 3-43 16 19.1 9.922 13.77 9/9 100.0 
Acartia sp. adult 20.89 0/9 3-2 G3 31 26.9 15.261 20.26 8/9 88.9 
Invertebrate eggs 19.11 0/9 20-134 63 45.1 49.780 47.39 6/9 66.7 
Crangon septemspinosus larvae 18.78 0/9 4 31 8 12.7 9.928 11.21 8/9 88.9 
Gammarus sp. 16.72 0/9 16- 221 39 40.2 124.445 70.75 5/9 55.6 
Balanus sp. cypris larvae 14.95 0/9 8- 71 27 14.9 39.013 24.10 4/9 44.4 
Unidentified polychaete 13.78 0/9 4 31 19 8.2 21.186 13.20 4/9 44.4 
Oithona sp. 12.44 0/9 8- 31 8 5:2. 20.191 10.27 3/9 33.3 
Crab zoea 11.50 0/9 3- 16 * 2.1 13.316 5.30 2/9 22.2 
Eurytemora herdmani adult 10.83 0/9 8- 8 1.8 7.000 3.53 2/9 22.2 
Pteropoda 10.72 0/9 1- 4 * 0.6 3.200 1.33 2/9 22.2 
Tomopterus sp. 10.72 0/9 1- 8 ~ 1.0 7.000 2.65 2/9 22.2 
Crab megalops 10.33 0/9 63- 63 ~~ 7.0 63.000 21.00 1/9 11.1 
Siphonophora 10.06 0/9 39- 39 - 4.3 39.000 13.00 1/9 11.1 
Cumacea 9.89 0/9 16- 16 - 1.8 16.000 5.33 1/9 11.1 
Copepod nauplii 9.83 0/9 31-31 - 3.4 31.000 10.33 1/9 11.1 
Centropages hamatus copepodite 9.72 0/9 1- 1 * 0.1 1.000 0.33 1/9 11.1 
Centropages typicus adult 9.72 0/9 1- 1 ~ 0.1 1.000 0.33 1/9 11.1 
Cladocera 9.72 0/9 1- 1 N 0.1 1.000 0.33 1/9 11.1 
Temora longicornis copepodite 72 0/9 1- 1 . 0.1 1.000 0.33 1/9 11.1 
Bivalve larvae 9.61 0/9 8- 8 . 0.9 8.000 2.67 1/9 11.1 
Neomysis americana 9.61 0/9 8- 8 - 0.9 8.000 2.67 1/9 11.1 
Pseudodiaptomous coronatus 9.61 0/9 4 2 = 0.4 4.000 1.33 1/9 11.1 


‘Mean rank: Species were ranked within each sample on the basis of numbers of individuals and ranks for each species were averaged over the samples. 
*Dominance: The number of samples in which the species made up 50% or more of the individuals. 

*Range: Smallest and largest nonzero values. 

“Median: Value for which there are an equal number of nonzero values above and below; * no median calculated because there were <3 values. 
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Table 3.4—Continued. 


Mean Domi- Disper- Fre- % occur- 
Species Rank' nance? Range’ Median‘ Mean’ sion’ sD quency’ _rence* 


Bongo 0.333 mm zooplankton, 10 April 1978 (RV Strider cruise 78-02 


Pseudocalanus minutus adult 29.78 3/9 2,182-40,913 12,586 15,020.7 10,132.547 12,336.84 9/9 100.0 
Balanidae 28.78 0/9 1,199-14,776 7,109 7,741.1 2,373.956 4,286.85 9/9 100.0 
Pseudocalanus minutus copepodite 28.44 0/9 1,643-12,611 5,369 6,320.4 —2,411.683 3,904.22 9/9 100.0 
Balanidae 24.72 0/9 215- 2,309 495 930.8 624.676 762.52 9/9 100.0 
Tortanus discaudatus copepodite 23.50 0/9 137- 4,618 1,238 1,371.3 1,443.494 1,406.95 8/9 88.9 
Tortanus discaudatus adult 23.17 0/9 137- 1,099 554 523.4 194.534 319.10 9/9 100.0 
Temora longicornis adult 23.00 0/9 206- 1,580 915 827.7 361.774 547.20 8/9 88.9 
Temora longicornis copepodite 22.94 0/9 69- 2,049 1,012 859.8 463.537 631.30 8/9 88.9 
Acartia tonsa adult 22.44 0/9 55- 2,916 368 699.0 1,510.668 1,027.60 8/9 88.9 
Centropages hamatus adult 19.56 0/9 55- 315 109 117.3 67.592 89.05 8/9 88.9 
Harpacticoida adult 16.83 0/9 81- 237 151 103.7 83.848 93.23 6/9 66.7 
Ammodytes dubius 16.56 0/9 2-52 23 25.7 10.773 16.63 9/9 100.0 
Fish eggs 15.83 0/9 5- 15 9 8.9 0.884 2.80 9/9 100.0 
Limanda ferrugine 14.61 0/9 1- 9 3 4.2 2.296 3.11 9/9 100.0 
Melanogrammus aeglefinus 14.11 0/9 1- 5 1 2.4 1.341 1.81 9/9 100.0 
Centropages hamatus copepodite 11.83 0/9 27-66 47 20.9 34.078 26.68 4/9 44.4 
Medusae 11.67 0/9 69- 462 81 68.0 336.673 151.31 3/9 33.4 
Centropages typicus adult 10.67 0/9 17-79 79 19.4 60.224 34.22 3/9 33.3 
Oithona sp. adult 10.56 0/9 34—~Ci«i«‘CK 34 12.4 28.670 18.89 3/9 33.3 
Cragonidae 9.83 0/9 5455 = 12.1 47.693 24.03 2/9 22.2 
Sagitta elegans adult 9.44 0/9 44 «158 iW 22.4 124.564 52.88 2/9 22.2 
Oithona sp. copepodite 9.39 0/9 44¢«C«s 0 9.8 38.500 19.40 2/9 22.2 
Temora stylifera adult 9.39 0/9 440¢«C«G * 12.2 50.600 24.87 2/9 22.2 
Calanus finmarchicus copepodite 8.50 0/9 88- 88 a 9.8 88.000 29.33 1/9 11.1 
Acartia longiremus adult 8.39 0/9 185-185 * 20.6 185.000 61.67 1/9 11.1 
Harpacticus spp. 8.39 0/9 131-131 v 14.6 131.000 43.67 1/9 11.1 
Podon sp. 8.33 0/9 100- 100 iO 11.1 100.000 33.33 1/9 11.1 
Polychaeta 8.22 0/9 92- 92 = 10.2 92.000 30.67 1/9 11.1 
Sagitta elegans 8.11 0/9 44¢««44 * 4.9 44.000 14.67 1/9 11.1 
Gammaridae 8.00 0/9 17-17 = 1.9 17.000 5.67 1/9 11.1 


Bongo 0.505 mm zooplankton, 10 April 1978 (RV Strider cruise 78-02) 


Balanidae nauplii 29.94 1/9 13- 3,875 734 1,324.7 1,396.819 1,360.26 9/9 100.0 
Tortanus discaudatus adult 29.44 0/9 78- 1,083 624 539.7 166.970 300.18 9/9 100.0 
Temora longicornis adult 28.56 0/9 45- 1,027 398 428.2 252.883 329.07 9/9 100.0 
Pseudocalanus minutus adult 28.50 0/9 51- 1,250 232 438.2 441.250 439.73 9/9 100.0 
Tortanus discaudatus copepodite 27.22 0/9 27- 1,070 140 229.3 452.932 322.29 9/9 100.0 
Centropages hamatus adult 25.17 0/9 11- 107 53 59.9 18.933 33.67 9/9 100.0 
Ammodytes dubius 22.22 0/9 225 ae 31 30.2 15.500 21.64 9/9 100.0 
Balanidae cypris 21.61 0/0 6 148 33 39.0 49.455 43.92 8/9 88.9 
Cragonidae 21.17 0/9 1l- 59 11 24.9 20.526 22.60 9/9 100.0 
Medusae 20.78 0/9 8- % 27 31.0 28.831 29.90 8/9 88.9 
Fish eggs 20.39 0/9 ie 1B 13 13.0 0.846 3.32 9/9 100.0 
Sagitta elegans adult 18.11 0/9 8- 79 51 30.2 30.704 30.46 6/9 66.7 
Gammaridae 17.44 0/9 3 =) 39) 8 12.6 15.613 14.00 1/9 77.8 
Harpacticoida adult 16.78 0/9 3- 133 10 22.2 82.865 42.91 7/9 77.8 
Calanus finmarchicus copepodite 14.50 0/0 3-103, 6 11.3 36.529 20.35 6/9 66.7 
Melanogrammus aeglefinus 14.22 0/9 1- 5 3 2.7 1.031 1.66 8/9 88.9 
Cancer sp. 12.06 0/9 1- 18 10 4.4 12.044 7.32 4/9 44.4 
Polychaeta 12.00 0/9 4 59 21 9.3 42.241 19.86 3/9 33:3 
Limanda ferruginea 10.89 0/9 1- 2 1 0.7 0.750 0.71 5/9 55.6 
Pseudocalanus minutus copepodite 10.06 0/9 6- 10 = 1.8 7.562 3.67 2/9 22.2 
Temora longicornis copepodite 9.67 0/9 3- 18 ~ 2.3 15.214 5.96 2/9 22.2 
Centropages hamatus copepodite 9.56 0/9 4 5 * 1.0 4.000 2.00 2/9 22.2 
Acartia sp. adult 9.28 0/9 1- 4 = 0.6 3.200 1.33 2/9 22.2 
Gadus morhua 8.61 0/9 1- 2 a 0.3 1.500 0.71 2/9 22.2 
Metridia lucens copepodite 8.56 0/9 32-2, a 3.6 32.000 10.67 1/9 11.1 
Hyperidae 8.44 0/9 20- x 22) 20.000 6.67 1/9 11.1 
Callinectes sapidus 8.39 0/9 11- 11 - 1.2 11.000 3.67 1/9 11.1 
Harpacticus spp. 8.17 0/9 5- = 0.6 5.000 1.67 1/9 11.1 
Clytemnestra scutellata 8.11 0/9 1- 1 es 0.1 1.000 0.33 1/9 11.1 
Cumacea 8.11 0/9 10- 10 oi 1.1 10.000 3.33 1/9 11.1 
Podon sp. 8.06 0/9 3- 3 - 0.3 3.000 1.00 1/9 11.1 


*Mean: Arithmetic mean of all station values including zeros. 

‘Dispersion: The ratio of the variance to the mean. The expected value for a random (Poisson) distribution is 1.0. 
7Frequency: Frequency of occurrence; proportion of samples in which the species was found. 

*% occurrence: Frequency of occurrence converted to percent. 
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Figure 3-4.—Portion of chorion of fourbeard rockling egg as seen under oil immer- 
sion lens (100 x) of light microscope. Chorion has been removed from egg. 
Postspill day 4. 


Figure 3-5.—Photographic enlargement of chorion of fourbeard rockling egg seen 
in Figure 3-4. Regularly spaced black dots are membrane pores (1,000 x). Postspill 
day 4. 


Figure 3-8.—Intact, undissected fourbeard rockling egg as 
prepared for examination of chorion in scanning electron 
microscope and as observed in its entirety under low-power 
magnification of scanning electron microscope. Pore structure 
is absent. Lightly shaded portions of egg might represent 
chorion lesions (1,000 x). Postspill day 2. 
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Figure 3-6.—Portion of chorion of fourbeard rockling egg showing deterioration 
and absence of any pore structure. (100 x immersion objective, light microscope). 
Postspill day 4. 
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Figure 3-7.—Photographic enlargement of portion of chorion of fourbeard rock- 
ling egg showing deterioration and absence of any pore structure (100 x oil immer- 
sion objective, light microscope). Postspill day 4. 


be the result of direct contact of the spawned eggs with gasoline, not 
merely a postmortem effect. At least some toxic hydrocarbons have 
a special affinity for membranes, aromatic compounds altering the 
surface properties of cell membranes (Roubal and Collier 1975). As 
described below, subsequent cytological examination of the em- 
bryos of other eggs from the same samples revealed most of them to 
be moribund, but only a few embryos were grossly deteriorating at 
the cell level. Similarly, upon gross examination of the intact eggs, 
only a very negligible number appeared to be deteriorating. 
Chorion condition will influence prospects of successful embryo 
development. 

The chorion of another three early-stage fourbeard rockling 
eggs, from samples taken on 18 March, 2 d after the spill, was 
examined in the scanning electron microscope. The pattern of pores 
characteristic of the outer egg membrane of fish’ (Lénning and 
Hagstrom 1975) was completely lacking in these samples. See 
Figures 3-8 to 3-11. 


General morphological and cytological observations on 
fourbeard rockling embryos from early postspill samples. —Careful 


examination, prior to dissection, of the fourbeard rockling eggs 
from samples taken at postspill days 2 and 4, revealed most of them 
to be partially collapsed. Very few were obviously deteriorating, as 
noted above. A few had a greenish tinge seldom observed, and of 
unknown significance, in fish eggs collected in plankton. 

In some fourbeard rockling eggs the yolk adhered to the em- 
bryo to an extent not previously observed on dissecting thousands 
of fish eggs of other species. This could have been a hardening ef- 
fect of the gasoline on the yolk or, less likely, a normal 
phenomenon for this species. 

In a few fourbeard rockling embryos from the second day 
after the spill the exterior layer of embryo cells had an abnormal ap- 
pearance. Other cells in the interior of the embryo also occasionally 
appeared similarly abnormal. Nuclei and mitotic configurations of 
such embryos often failed to take the stain. A few of these embryos 
also had abnormally large intercellular spaces with an amorphous 
material in some spaces and shrunken-appearing cells (Figs. 3-12, 
3-13). This has never been observed in prior studies of embryos in 
varying stages of deterioration. A few fourbeard rockling embryos 
also had abnormally small, though normal, mitotic configurations. 


Figure 3-9.—Scanning electron microscope view of a portion of chorion of 
fourbeard rockling egg. Membrane is deteriorating and no pore structure can be 
observed. Postspill day 2 (10,000 x). 


Figure 3-10.—Scanning electron microscope view of a portion of chorion of 
fourbeard rockling egg. Membrane is deteriorating and no pore structure can be 
observed. Postspill day 2 (25,000 x). 


Figure 3-11.—Two scanning electron micrographs (about 10,000 x), (a) cod, Gadus callarias, chorion and (b) pollock, Pollachius virens, chorion, are examples of 
striking pore patterns one expects to find in fish eggs. No such patterns were observable in fourbeard rockling eggs sampled in gasoline spill vicinity 2 d after spill (even 
though embryo and egg deterioration had not occurred) as demonstrated in Figures 3-9 and 3-10. Compare Figure 3-11 with Figure 3-9 at same magnification. 
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Figure 3-12.—Normal mitotic divisions in normal Stage II (morula) embryo of silver hake, Merluccius bilinearis. Arrows 
point to two normal mitoses and a normal nondividing cell (100 x oil immersion objective, light microscope). 


Figure 3-13.—Characteristic pattern of grossly abnormal mitoses (as at upper- and lowermost arrows) and cell deterioration 
observed in similar stage of the fourbeard rockling eggs from area contaminated by gasoline. Patches of amorphous material 
remain in wide spaces between shrunken appearing cell groups as at lower middle arrow in Figure 3-13. Note large difference 
between mitoses as observed in normal Figure 3-12 and this grossly abnormal Figure 3-13. Postspill day 2 (100 x oil immer- 
sion objective, light microscope). 


Again, such undersized mitotic figures have not been previously _ not have occurred in their processing for microscopic study. Direct 
observed. It appeared almost as if these embryos had been exposed _ exposure of these eggs to the gasoline could have elicited these 
to a dehydrating agent prior to their fixation, an error that could anomalous phenomena. 
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Estimates of fish egg moribundity based on cytological- 
cytogenetic study of the embryos.—Embryo cells and mitoses of all 
available eggs were examined. Cellular state was determined, and 
the mitotic index and incidences of abnormal telophases scored over 
the entire embryo. From these observations estimates of moribun- 
dity were made. The fourbeard rockling and yellowtail flounder 
embryos were categorized as moribund if the embryos showed one 
or more of the following: cell lysis or nuclear pyknosis; anomalous, 
disorderly mitoses over the entire embryo (pertinent to stage II 
only); more than 50% abnormal telophases (pertinent to stage II 
only); absence of any mitotic telophases whatsoever. Tables 3-5 to 
3-8 provide the details of moribundity by developmental stage for 
each station at which eggs were collected. 

Paucity of eggs at several stations did not allow meaningful 
station-to-station comparisons of moribundity levels. Also, we 
could not preclude from the station distribution or from the 
analytical chemical analyses done on plankton, benthos, and fish as 
reported in this volume, that eggs from any station were not expos- 
ed to the gasoline, either by maternal uptake prior to spawning or 
by direct exposure after spawning. Data are accordingly interpreted 
and discussed in terms of moribundity for day sampled. 


Postspill day 2, 18 March.—(a) Fourbeard rockling. 
Fourbeard rockling eggs collected 2 d after the spill were, un- 
fortunately, few in number. This, however, may have been the 
result of egg loss as the most severely affected eggs settle out of the 
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water column, and temporary cessation of much spawning in the 
affected area in the immediate aftermath of the spill. Total number 
of eggs in the plankton was 12, and 3 of these were used for scan- 
ning electron microscopy, as noted above. 

All nine eggs remaining for cytological study of embryo cells 
and mitoses were moribund (Table 3-5). Eggs were collected at 
three sample stations only, 112, 115, and 117 (Fig. 3-14). They were 
all in very early development stages, II and III, i.e., at the morula 
and blastula stages. The average number of mitotic telophases per 
embryo, an indicator of developmental rate, was 16.4 even though 
embryos showed cell lysis and other signs of impending mortality. It 
is more common to find such moribund embryos with few, or no 
mitoses at all. It would seem as if the fourbeard rockling eggs were 


Table 3-5.—Cytological-cytogenetic estimates of fourbeard rockling 
egg moribundity 2 d after the Ocean 250 gasoline spill. See Figure 3-14 
(map) for explanation of system for designating same sample station 
on consecutive cruises. 


Development stage II-III (morula-blastula) 


Sample 

station Total no. No. moribund 
112 2 2 
115 6 6 


117 1 1 
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Figure 3-14.—Survey area and station locations for RV Strider cruise 78-01. Asterisk marks the location of grounding of barge Ocean 250 on Watch Hill Reef. The 100 series 
numbers refer to postspill day 2 samples; the 200 series, to postspill day 4 samples. Numbers 1-18 refer to postspill day 25 samples. Only stations at which fish eggs were sampled 
are indicated. 
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developing reasonably well until meeting with some extremely un- 
favorable conditions. 
(b) Yellowtail flounder. No eggs available in samples. 

Postspill day 4, 20 March.—(a) Fourbeard rockling. On 
postspill day 4, more fourbeard rockling eggs and eggs from several 
additional sample stations (12) were available than on postspill day 
2. See Tables 3-5 and 3-6. A portion of all eggs, 31/112 or 27.7%, 
were at two subsequent developmental stages from those taken 18 
March, 2 d after the spill (Table 3-6). Mortality for stages II and III 
was 59.3% of the eggs (48/81). Mortality for the later stages TV and 
V (gastrula and early embryo) eggs was less, 7/31 or 22.6%, as 
might be expected for later, less sensitive developmental stages 
(Longwell and Hughes 1980, In press). The average number of 
mitotic telophases was 13.5 for the two earlier stages, and 18.7 for 
the two later stages. These figures are similar to the 16.4 for the ear- 
ly stages sampled 2 d earlier. See Table 3-6 for data on the 4 d 
postspill fourbeard rockling eggs. 

(b) Yellowtail flounder. Only three yellowtail flounder eggs 
were sampled at one station (208) on this date and all three were 
moribund (Table 3-7). They were at stage VI (tail-bud embryo). 
The average number of mitotic telophases was 10.3, as for the 
rockling, not markedly low. 


Postspill day 25, 10 April.—(a) Fourbeard rockling. Fifteen 
sample stations are represented in the 10 April collection of 
fourbeard rockling eggs, three of which had fourbeard rockling 


Table 3-6.—Cytological-cytogenetic estimates of fourbeard rockling egg moribun- 
dity 4 d after the Ocean 250 gasoline spill. See Figure 3-14 (map) for explanation of 
system for designating same sample station on consecutive cruises. 


Development stage II-III 
(morula-blastula) 


Development stage IV-V 
(gastrula-early embryo) 


Sample station Total no. No. moribund Total no. No. moribund 
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Table 3-7.—Cytological-cytogenetic estimates of yellowtail flounder 
egg moribundity 4 d and 25 d after the Ocean 250 gasoline spill—all 
stages VI (tail-bud) and VII (tail-free) embryos, except one abnormal 
stage III or IV, in 25 d sample. See Figure 3-14 (map) for explanation 
of system for designating same sample station on consecutive cruises. 


Sample Total no. No. 
Time of sample station eggs moribund 

4 d postspill 208 3 3 
25 d postspill 10 6 4 
11 1 1 

13 2 2 

15 2 2 

18 2 1 
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eggs on postspill day 2, and most of which had eggs on the 20 
March sample date. See Figure 3-14. The number of fourbeard 
rockling eggs per sample ranged from 1 to 24 (Table 3-8). There 
were a total of 184 fourbeard rockling eggs available for analyses. 
Mortality is here again treated by grouping of earlier and later 
developmental stages since it is expected, on the basis of extensive 
field data on Atlantic mackerel eggs (Longwell and Hughes 1980), 
that it would be higher, even naturally, for the earlier stages. For 
stages II and III moribundity was estimated to be 41.8% (33/79 
eggs), somewhat less but not greatly different from the 59.3% of 20 
March. For the later stages, IV-VI, the moribundity estimate was 
24/105 eggs of 22.9%, hardly any different from the samples taken 
on postspill day 4. 

(b) Yellowtail flounder. Five of the stations yielded 
yellowtail flounder eggs in the plankton collected 25 d postspill. 
There was a total of 13 eggs and 10 of these (76.9%) were moribund 
(Table 3-7). All but one abnormal embryo about gastrulation were 
at somewhat later development stages than most eggs in this study, 
stage VI (tail-bud) and stage VII (tail-free). As noted above, the 
later the development stage, the lower the normally anticipated 
mortality. This mortality estimate is then high. 


Depressed mitotic index of postspill 25 d samples.—The mitotic 
index taken as the average number of total mitotic telophases per 
embryo was higher on postspill days 2 and 4 for both yellowtail 
flounder and fourbeard rockling, early and later development 
stages, than in was on postspill day 25. As noted above, for 
yellowtail tlounder the average number of telophases was 10.3 in 
the 20 March sample, but only 1.8 in the 10 April sample (all late 
stages). For fourbeard rockling it was 16.4 for early stages 2 d 
postspill. It was 13.5 for early stages and 18.7 for later stages 4 d 
postspill. At 25 d postspill this number was 6.8 for early stages and 
6.1 for later stages. Such a lowering of the rate of cell division in the 
developing embryos of both fourbeard rockling and yellowtail 
flounder could be attributable to 1) some interaction of 
temperature-salinity conditions, but the water should have been 
warming and development accelerating; 2) some deterioration of 
water quality not related to the spill; 3) poor quality of eggs spawn- 
ed subsequent to the spill and its dissipation due to maternal uptake 


Table 3-8.—Cytological-cytogenetic estimates of fourbeard rockling egg 
moribundity 25 d after the Ocean 250 gasoline spill. See Figure 3-14 (map) for ex- 
planation of system for designating same sample station on consecutive cruises. 


Development stage IV-VI 
(gastrula-tail-bud-tail-free) 


Development stage II-III 
(morula-blastula) 


Total no. 


Sample 


station Total no. No. moribund No. moribund 
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of gasoline components by fish habitating the area at the time of the 
spill. 


Conclusions.—It would be difficult to interpret the rather 
anomalous, general cytological findings reported here for the 
samples taken 2 and 4 d after the spill, except in terms of direct 
exposure of spawned eggs to the spilled gasoline. It is not surprising 
that qualitative effects are found on fish eggs that are not simply 
explainable on the basis of natural variables as temperature and 
salinity. Chemical analyses of the water column and of plankton 
and macrobenthos collected during the period, from just after the 
spill to 4 d after the spill, indicated both the presence of gasoline 
fractions in the water and its uptake by shellfish (Lake et al., see 
section 2.2) and plankton (Hoffman and Quinn, see section 2.3) 
which. of course, would include the fourbeard rockling and 
yellowtail flounaer eggs. 

Low number of eggs sampled on postspili day 2 may be 
attributable to their gross deterioration and settling out of the water 
column. It is difficult to suppose that the pathologies attributed to 
direct contact with the gasoline did not increase mortality rates of 
the fish eggs as sampled 2 and 4 d after the gasoline spill. 

The fact that about 40% of the eggs were moribund as long as 
25 d after the spill and that their development rate, as measured by 
mitotic index, was depressea over the 2 and 4 d samples could be 
interpreted as meaning that the gasoline spill had little to do with 
the overall estimates of egg mortality. However, it is likely that 
gasoline components taken up by the fourbeard rockling and 
yellowtail flounder habitating the area at the time of the spill 
(Boehm and Barak, see section 2.4) would have affected the quality 
of the eggs subsequently spawned and sampled in the plankton 25 d 
after the spill. Unfortunately, no samples of these fish or their 
spawned eggs were available from the spill area prior to the spill. 
Also, other contamination in water and biological samples (see 
papers, this volume) poses problems in the effort to estimate any 
quantitative impact of the spill. 

Yellowtail flounder eggs sampled in the spill area appeared 
overall to be doing less well than eggs of the fourbeard rockling. 

The cytological study of these eggs sampled in the plankton 
from the area of the gasoline spill and consideration of the 
significance of the results provide insights that could be useful in 
planning responses to future spills. 


3.5 Summary 


Thirty-five grab samples were taken at six stations within 1.6 
km of the spill site. The sandy sediments reflected strong wave and 
tidal currents in the area. Silty sediments were found under dense 
clumps of blue mussels. Faunal diversity and density was low except 
in the mussel clumps. However, no recently dead or abnormal 
mussels or infauna were detected even though gasoline components 
had been found in other bivalves in the area and no changes in the 
makeup of faunal assemblages were detectable from the sample 
counts. 

Similarly, analysis of the zooplankton community at 4 d and 3 
wk postspill indicated no discernible impact of gasoline, nor was 
there any visible evidence of damage. Changes that occurred from 
the 4 d postspill period to the second sampling period were 
attributed to the patchy nature of plankton and to population 
blooms rather than to the effect of gasoline contamination. 

Bouyant eggs of the fourbeard rockling and yellowtail 
flounder, sampled 2 and 4 d after the gasoline spill were partially 
collapsed, had chorion (outer egg membrane) lesions and unusual 
embryo or egg pathologies. Only 12 eggs, all fourbeard rockling, 
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were collected 2 d after the spill. These were in very early develop- 
ment stages and, on the basis of cytological criteria, were all 
moribund. Four days after the spill, 84 fourbeard rockling eggs at 
about the same development stages were close to 60% moribund, 
using the same criteria. Twenty-five days after the spill moribundity 
of the 79 fourbeard rockling eggs collected at the same stage was 
about 40%. In addition, mitotic index, taken as an indicator of 
deveiopment rate and embryo well-being, was depressed over that 
of earlier samples. Only 16 yellowtail founder eggs were collected in 
toto over all three sample days, and at somewhat later development 
stages expected to show lesser mortality than earlier stage fourbeard 
rockling eggs, however, all but three were moribund. 
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Movements of Tagged Summer Flounder, 
Paralichthys dentatus, off 
Southern New England 


Feb Ux and RvB SNICHY: 


ABSTRACT 


A total of 2,839 summer flounder were tagged on outer continental shelf and coastal grounds off southern New 
England in 1961-62. Tag recaptures showed the migration to offshore grounds in fall and winter and to inshore areas 
in spring and summer. Recaptures from coastal grounds were recorded from northern New Jersey to south of Cape 
Cod; those from outer shelf grounds were from Baltimore Canyon on the southwest to Veatch Canyon on the north- 
east. The overall tag return rate was 21.2%; however, the returns from inshore tagging (44.5%) were much higher 
than those from offshore releases (8.4%), suggesting that tagging mortality was higher offshore. 


INTRODUCTION 


Adults of summer flounder, Paralichthys dentatus, are found 
in Atlantic coastal waters from Maine to Florida (Bigelow and 
Schroeder 1953; Wilk et al. 1980). They are most abundant in 
the Middle Atlantic Bight, the coastal concavity between Cape 
Cod and Cape Hatteras, where they are fished intensively (Fig. 
1). From late spring to fall summer flounder are sought by 
recreational and commercial fishermen in coastal areas; from 
December to April they are fished by otter trawlers along the 
outer continental shelf edge. Vessels from New Jersey to 
Virginia fish this species in the southern part of the bight; those 
from New York and New England fish the areas from Long 
Island to south of Cape Cod. 

The reported commercial catch of summer flounder in 1979 
was 13,932 t, of which 3,220 t were taken within 3 mi (5.5 km) 
from shore and 10,712 t were from waters beyond 3 mi but 
within the 200-mi (370 km) conservation zone (Pileggi and 
Thompson 1980). The recreational catch for 1979, which we 
estimated from angler survey data (National Marine Fisheries 
Service 1980), was about 10,000 t. 

Young-of-the-year summer flounder occur sporadically in 
bays from southern New England to New Jersey; however, the 
principal nursery grounds are in estuaries and bays of Virginia 
and North Carolina (Poole 1966). The fish apparently disperse 
northward as they grow older and make up the stocks that are 
exploited in the northern part of the bight. Fish <25 cm in 
length are uncommon in New York waters (Westman and 
Neville 1946). This also appears true of southern New 
England; we measured samples from commercial otter trawl 
catches of this species there in 1960-62 and found no fish <28 
cm long in 18 trips from offshore areas and 5 from inshore 
areas. This was not due to discarding the smaller fish, since the 
entire catch of New England summer flounder is marketed. The 
cod end mesh sizes in the trawls for the 23 trips were mostly 114 
mm or less and would have retained flounders smaller than 28 
cm (Lux 1968). National Marine Fisheries Service otter trawl 
survey catches in 1964-79 off southern New England, using 15 


Northeast Fisheries Center Woods Hole Laboratory, National Marine Fisheries 
Service, NOAA, Woods Hole, MA 02543. 


mm mesh cod ends, also showed a scarcity of summer flounder 
< 28 cm long.? 

Marking studies off New York and New Jersey have shown 
the seasonal pattern of movement of this species: In the fall 
from coastal areas to the outer continental shelf winter grounds, 
and in the spring returning to the coast (Westman and Neville 
1946; Poole 1962; Murawski 1970*). These studies also indicated 
that with the passage of time the tagged fish tended to be caught 
farther to the north within the bight. 

To learn more about the seasonal and long-term movements 
of summer flounder off southern New England, we tagged 2,839 
of these fish on both coastal and offshore grounds in 1961-62. 
The results of this study are reported here. 


TAGGING PROCEDURE 


The summer flounder for tagging were caught with otter 
trawls. For the offshore tagging we used the Bureau of Com- 
mercial Fisheries’ RV Delaware. For the inshore tagging we 
used commerical otter trawlers. Tow length varied from 30 to 60 
min. On the Delaware the fish were held in tanks of running 
seawater until tagged, whereupon they were immediately re- 
leased. On the commercial vessels the fish were tagged from the 
net as they were brought aboard and then immediately released. 
Total length in millimeters, date, and tagging location were 
recorded for each tagged fish. All of the summer flounder 
caught were tagged, except for the small number, of various 
sizes, whose physical appearance indicated that they were mori- 
bund. Therefore the tagged population was considered represen- 
tative of the catch. 

The seasons for tagging were chosen to minimize loss of tag- 
ged fish to fishing before they had moved from release areas. 
Thus, the 1961 offshore tagging was done in early April, which 


*Sissenwine, M. P., R. R. Lewis, and R. K. Mayo. 1979. The spatial and 
seasonal distribution of summer flounder (Paralichthys dentatus) based on research 
vessel bottom trawl surveys. Northeast Fisheries Center, National Marine 
Fisheries Service, Woods Hole, Mass. Lab. Ref. No. 79-55, 9 p. 

‘Murawski, W. 1970. Results of tagging experiments of summer flounder, 
Paralichthys dentatus, conducted in New Jersey waters from 1960-67. N.J. Dep. 
Environ. Prot., Misc. Rep. 5M, 45 p. (N.J. Division of Fish, Game and 
Shellfisheries, Box 1809, Trenton, N.J. 08625.) 


Figure 1.—Map of the Middle Atlantic Bight showing locations where summer flounder were tagged and released in 1961 and 1962. 
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is near the end of the winter fishery, and the 1962 inshore tag- 
ging was done in September, near the end of the summer fishery. 

Fish just tagged were sometimes caught in subsequent tagging 
tows. If these fish appeared lively, they were re-released and 
records were made of the fact. 

The mesh in the cod ends of trawls used to catch the fish for 
tagging had a stretched measure of about 90 mm. This mesh re- 
tains flounders down to 20 cm or so in length (Clark et al. 1958; 
Lux 1968). We caught no summer flounder smaller than 31 cm, 
and we, therefore, assume that the entire size range of fish was 
sampled in relation to its abundance and that none escaped 
through the meshes. 

Each tag consisted of two plastic Peterson disks, 13 mm 
diameter, joined by a stainless steel pin passing through the 
dorsum of the fish. One disk was printed with return instruc- 
tions; the other carried a serial number. 

A reward of $1.00 was paid for a returned tag alone, and 
$2.00 for a tag with the fish. Bureau of Commercial Fisheries 
port samplers, who were stationed in ports of landing, received 
most of the tags and fish returned by commercial fishermen. Sex 
and length of returned fish were recorded. Positions for recap- 
tures by the commercial fleet usually were in the form of loran 
bearings and depths, which generally were accurate to within 10 
km or less. 

Recreational fishermen usually mailed in their recovered tags. 
They frequently gave the recovery position in terms of land- 
marks, such as an inlet, bay, or point. These positions probably 
were at least as accurate as those for commercial returns. 

For tags discovered in fish markets or processing plants there 
was no information on recovery position; however, usually it 
was possible to identify them as commercially caught. For a few 
of the tags that were mailed in, no data could be obtained. Both 
sources of unplaced tags made up 3.8% of the total returns. 
While they were of no value for charting fish movements, they 
were useful in measuring total return rates and are included in 
the results presented below. 


RESULTS 
Offshore Tagging, April 1961 


From | to 6 April, summer flounder were caught and tagged 
in depths of 80-145 m (Fig. 1). Most of the 1,833 fish tagged 
were from between Hudson and Block Canyons in about 90 m 
depth, approximate position lat. 39°55 'N, long. 72°00 'W (loca- 
tion 4, Fig. 1). Recoveries were obtained until August 1963, at 
which time a total of 155 had been reported, 8.4% of those 
released. 

To compare the length distribution of recaptured fish with 
that of the tagged ones we used the fish lengths recorded at the 
time of tagging rather than those obtained at recovery. The size 
distributions, at tagging, of the fish released in 1961 and of 
those subsequently recaught (Fig. 2) show that most of the fish 
tagged were about 31-50 cm in length, with some over 60 cm; the 
mean length was 38.8 cm. The lengths, at tagging, of the re- 
captured fish were similar to those of the tagged ones (Fig. 2), 
suggesting that there was no significant differential in tagging 
mortality with fish size and that the size of recaptured fish was 
representative of the tagged population. The mean length of 
recaptured fish was also 38.8 cm. 

All except one of the recoveries from 1961 releases were from 
fish released at location 4 in Figure 1; the following discussion 
applies to movement from this release point. 


In April-June 1961 there were 67 tag recaptures, all with 
recapture positions noted. Of these, 37 were caught in April on 
offshore areas in the vicinity of tagging (Fig. 3). In addition, 
three late April recoveries were caught on inshore areas of Long 
Island. The other 27 recoveries were caught in May and June on 
inshore grounds, primarily from the ocean side of Long Island. 
One, however, was from Long Island Sound, three were from 
the Rhode Island shore, and two were from Vineyard Sound 
Gust south of Cape Cod). The returns during this quarter 
established the time of movement from offshore to inshore 
grounds as April and May, at least for the area dealt with in this 
report, i.e., north of lat. 39°N. 

There were 47 summer recoveries (July-September 1961), 46 
of which had return locations noted. They were caught mostly in 
bays and sounds from Long Island to southern New England 
(Fig. 4). Many of these recoveries were from more easterly in- 
shore areas than the spring ones, although there were also 
several from off western Long Island and Long Island Sound. 
Six returns were from as far to the east as Vineyard and Nan- 
tucket Sounds. There were no summer recoveries from south of 
Sandy Hook, N.J., or from east of the elbow of Cape Cod. 

There were just three recoveries in the fall of 1961 (October- 
December), for one of which no return area was given. The 
other two were from south of Martha’s Vineyard and Nan- 
tucket, in an area intermediate between inshore and offshore 
grounds, suggesting that these fish were in the process of moving 
offshore for the winter (Fig. 4). One of these was caught in Oc- 
tober, the other in December. 

There were 28 recoveries during January-March 1962, all of 
which were from offshore, and 15 of them came from the vi- 
cinity of release in the previous spring (Fig. 5). In addition, 10 
others were caught well to the east of this, near Veatch Canyon, 
suggesting that the fish had moved eastward. The other three 
fish were recaught south of the release point, indicating that 
some southerly movement had taken place. 

Of the five recaptures reported for April-June 1962, two were 
caught on offshore grounds in April and May and the other 
three were caught on Long Island inshore areas in May and June 
(Fig. 5). While there were few returns in this calendar quarter, 
the pattern of return locations was similar to that of April-June 
in 1961 (Fig. 3). 
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Figure 2.—Length-frequency distributions of summer flounder tagged in April 
1961 on offshore grounds and of those subsequently recaptured. (All lengths are 
those obtained at the time of tagging.) 
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Figure 3.—Tagged summer flounder release positions for April 1961 releases (open squares) and recapture locations in April-June 1961 (circles). 
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Figure 4.—Tagged summer flounder release positions for April 1961 releases (open squares) and 1961 recapture positions in July-September (circles) and October- 
December (triangles). 
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Figure 5.—Tagged summer flounder release positions for April 1961 releases (open squares) and 1962 recapture locations in January-March (circles) and April-June 
(triangles). 


Table 1.—Recoveries of tagged summer flounder from 1961 offshore 
releases by season and fisherman type, April 1961-October 1963. 


Number of recoveries by fisherman type 


Period of Commer- ___ Recrea- 
recovery cial tional Unknown Total 

1961 

April-June 60 7 _— 67 

July-September 13 32 2 47 

October-December 2 — 1 3 
1962 

January-March 28 — — 28 

April-June 3 1 — 4 

July-October 2 1 _— 3 
1963 

May-August 3 _ _ 3 
All months 111 41 3 155 


Percentage 71.6 26.5 1.9 100.0 


Following June 1962 only six additional tags were recovered 
from the 1961 releases: One each in July, September, and Oc- 
tober 1962; one in May 1963; and two in August 1963. The loca- 
tions of these recoveries followed a pattern similar to that 
described for the 1961 recoveries in these months. 

The tagged fish in the 1961 releases were caught by both com- 
mercial and recreational fishermen, with commercial gear taking 
71.6% of the recoveries versus 26.5% for recreational (Table 1). 
While we have no exact breakdown of catch by the various com- 
mercial gears, the bulk of the recaptures were by otter trawls, 
and a few additional recaptures on inshore areas were by traps 
and seines. The recreational gear was primarily hook and line, 
although a few tagged fish may have been taken with spears. 

Some recaptures by commercial gear were made year-round. 
Most, however, were caught in January-June with many of 
them being taken during the offshore fishery for this species in 
January-April (Table 1). The recoveries by recreational 
fishermen all were obtained during the summer months, when 
the fish are inshore. Most of these latter returns were caught in 
Long Island waters, although several also were taken off 
southern New England. 

The length, at tagging, of the tagged fish returned by the com- 
mercial fleet ranged from 32 to 56 cm (mean = 39.3 cm). The 
fish returned by recreational fishermen, on the other hand, had 
a length range, at tagging, of 31-42 cm (mean = 37.5 cm). Thus, 
it appeared that fish of the recreational catch were slightly 
smaller in size and that considerably fewer large summer 
flounder were caught by anglers. 

The sex of 58 of the fish released in 1961 was obtained when 
they were recaught and returned for measurements. The length 
frequencies, by sex, of these fish (at time of tagging) are 
presented in Figure 6. While the numbers of fish here, 22 males 
and 36 females, are small, there are indications of modes at 
about 35 cm for males and 40 cm for females. 


Inshore Tagging, September 1962 


The 1962 inshore tagging comprised two experiments: One in 
Block Island Sound and one in Nantucket Sound. The summer 
flounder tagged in Block Island Sound were caught and released 
in an area about 6 km south-southwest of Point Judith, R.I., 
lighthouse (approximately lat. 41°18’N, long. 71°32’W) in 
18-27 m of water 6-8 September (Fig. 1). Tag recoveries from 
this group were obtained through March 1967. A total of 406 
fish were tagged, and 203 of these were subsequently recaptured 
for a return rate of 50%. 
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Figure 6.—Length-frequency distributions, at tagging, of male 
( ) and female (- - - -) summer flounder recaptures from fish tagged 
in 1961 on offshore grounds and in 1962 on inshore grounds. 


The length distributions at time of tagging of the summer 
flounder released at this location and of those later recaught (Fig. 
7) range from 31 to 76 cm (mean = 46.3 cm). The lengths at tag- 
ging of the recovered fish (range = 31-76 cm, mean = 46.4 cm) 
were similar to those of the tagged ones, indicating that the 
recoveries accurately represented the tagged population (Fig. 7). 

The summer flounder tagged in Nantucket Sound were re- 
leased in two areas off southeastern Cape Cod about 12-13 km 
apart: 397 fish were released 10 km south of Point Gammon 
(approximately lat. 41°33 'N, long. 70°15 'W) in 16-20 m depths 
6-7 September, and 203 fish were released 6.5 km south- 
southwest of Monomoy Point (approximately lat. 41°32'N, 
long. 70°05 'W) in 7-10 m depths 21 September. These areas are 
close together and are shown as a single position, number 6, in 
Figure 1. Through January 1968, when the last tag return was 
reported, 245 of the 600 fish tagged in these releases were 
recaught, a recapture rate of 40.8%. 

The size distributions, at time of tagging, of all the Nantucket 
Sound releases and of those later recaptured (Fig. 8) show that 
the length range of the fish tagged here was narrow (range = 
35-53 cm, mean = 43.1 cm). The lengths, at tagging, of the fish 
recaptured from these releases were similar (range = 35-52 cm, 
mean = 43.5 cm). 

The patterns of tag returns for the Block Island and Nan- 
tucket Sound releases were very similar; therefore, we have com- 
bined these two groups in discussing fish movements. Charts of 
the tag return positions for these groups for September 1962 
through December 1964, by calendar quarter, are presented in 
Figures 9-13. 

During September 1962 (the month of tagging) 36 tag returns, 
all with return positions, were recorded. These were caught in 
the immediate vicinity of the release points (Fig. 9). In October- 
December 1962 the 25 returns recorded, all with return posi- 
tions, showed clear evidence of fish movement to offshore 
wintering areas (Fig. 9), with a few tagged fish being recovered 
in October near the tagging sites and also on grounds in- 
termediate between inshore and offshore areas. Two fish were 
recaught in October on intermediate grounds off the New Jersey 
coast, a straight line movement from the release point of about 
335 km in just over 1 mo. In November 1962 only two tag 
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Figure 7.—Length-frequency distributions of summer flounder tagged in September 1962 in Block 


Island Sound and of those subsequently recaptured.(All lengths are those obtained at the time of 


tagging.) 


returns were reported, both from south of Nantucket. In 
December there were eight returns: Seven from offshore 
grounds and one from intermediate grounds south of Nantucket 
(Fig. 9). 

In January-March 1963 there were 110 tag recoveries, 105 of 
which had return positions noted. These were caught over the 
outer shelf area from Veatch Canyon on the east to Baltimore 
Canyon on the southwest, with many recaptures coming from 
around Block Canyon (Fig. 10). The recaptures from these 
releases were spread over an area that extended considerably far- 
ther south than that recorded for recaptures from the 1961 off- 
shore releases. 

Of the 59 tag returns obtained during April-June 1963, 53 had 
return positions noted. These were from offshore, intermediate, 
and inshore grounds, showing the spring return of summer 
flounder to coastal areas (Fig. 10). The 17 returns in April were 
from offshore grounds, while the 36 caught in May and June 
were from coastal areas. Two of these latter were from south of 
Nantucket, and the rest were from more inshore points from 
Long Island to Nantucket Sound; none were from the New Jersey 
shore or from inshore areas south of there. 

There were 88 tag returns in July-September 1963, of which 
83 had return locations. These were from inshore areas except 
for one which was recovered on intermediate grounds south of 
the eastern end of Long Island in September (Fig. 11). The 82 
inshore returns were almost entirely from waters east of Long 
Island, with many being caught near or at the locations of 
release in 1962. One, however, was caught far to the south just 
east of Cape May, N.J. 

The 11 tag recoveries in October-December 1963, of which 8 
had return locations, included 3 from inshore grounds in Oc- 
tober, 1 from intermediat grounds in November, and 4 from off- 
shore ground southwest of Hudson Canyon in December (Fig. 
11). 

The tag return locations for the 86 recoveries in 1964 (Figs. 
12, 13), while fewer in number than those of 1963, reflect much 
the same pattern of movements as was shown then. 

From January 1965 through January 1968, when the last recap- 
ture was reported, an additional 33 tags were returned from the 
inshore releases: 22 in 1965, 7 in 1966, 3 in 1967, and 1 in 1968. 


Figure 8.—Length-frequency distributions of summer 
flounder tagged in September 1962 in Nantucket 
Sound and of those subsequently recaptured. (All 
lengths are those obtained at the time of tagging.) 


The locations of these returns, while not plotted here, followed 
the general seasonal migration patterns described above. 

A breakdown of the tag recoveries by commercial and recrea- 
tional fishermen from the inshore 1962 releases (Table 2) in- 
dicates that commercial fishermen caught about 95% of the 
recoveries. More than 95% of the commercial fishery returns 
were by otter trawl. A few were caught in traps, one in a scallop 
dredge. The recreational catch recaptures from these releases 
amounted to <4% of the total, all of which were caught by 
anglers. The proportion of returns caught by anglers for the 
Block Island Sound releases was 5.9%, compared with 1.6% for 
Nantucket Sound fish, suggesting that the former releases were 
subjected to a somewhat greater angling effort. The mean 
length, at tagging, of all 16 angler-caught returns in these 
releases was 43.6 cm. This is slightly smaller than the 44.9 cm 
mean length of the commercial recaptures. 

All of the returns by recreational fishermen were caught from 
spring to fall, when the fish are close inshore (Table 2). The 
commercial catch was taken in all months, but few of the tagged 
fish were caught in October-December when they were moving 
offshore. The highest numbers of commercial recaptures 
generally were made in the January-March quarter. 

The sex of 60 of the summer flounder tagged in Block Island 
Sound and 132 of those tagged in Nantucket Sound was deter- 
mined when the fish were recaptured and returned for 
measurements. The length frequencies, by sex, of these fish (at 
time of tagging) show that the females were larger than the 
males (Fig. 6). For both areas there was a length mode at about 
40 cm for males and a less clear length mode at about 45 cm for 
females. There also appeared to be a secondary mode at about 
45 cm for males from Block Island Sound. 


DISCUSSION 


From the 1,833 summer flounder tagged on offshore grounds 
in the Block Canyon area in March 1961 there were 155 recap- 
tures, 8.4% of the total released. Recaptures were reported 
through August 1963, or 30 mo following tagging. From the 
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Figure 9.—Tagged summer flounder release positions for September 1962 releases (open squares) and 1962 recapture locations in September (circles) and October- 
December (triangles). 
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Figure 10.—Tagged summer flounder release positions for September 1962 releases (open squares) and 1963 recapture locations in January-March (circles) and April-June 
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Figure 11.—Tagged summer flounder release positions for September 1962 releases (open square) and 1963 recapture locations in July-September (circles) and October- 


December (triangles). 
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Figure 12.—Tagged summer flounder release positions for September 1962 releases (open squares)and 1964 recapture locations in January-March (circles) and April-June 
(triangles). 
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Figure 13.—Tagged summer flounder release positions for September 1962 releases (open squares) and 1964 recapture locations in July-September (circles) and October- 
December (triangles). 
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Table 2.—Recoveries of tagged summer flounder from 1962 inshore 
releases by season and fisherman type, September 1962-January 1968. 


Number of recoveries by fisherman type 


Period of Commer- _ Recrea- 
recovery cial tional Unknown Total 

1962 . 

September 34 1 1 36 

October-December 25 — — 25 
1963 : 

January-March 110 — — 110 

April-June 57 2 — 59 

July-September 79 8 1 88 

October-December 9 — 2 11 
1964 

January-March 36 — =— 36 

April-June 26 1 2 29 

July-September 18 1 — 19 

October-December 2 — — 2 
1965-68 

January-March 11 _ — 1] 

April-June 7 2 — 9 

July-September ©) 1 — 10 

October-December 1 — — 1 
All months 424 16 6 446 
Percentage 95.1 3.6 1.3 100.0 


‘There were 33 total recaptures for this period; however, month of 
recapture was available for only 32 of these. 


1,006 fish tagged on inshore grounds of Block Island and Nan- 
tucket Sounds in September 1962 there were 448 recaptures, 
44.5% of the total released, obtained over a period of 65 mo 
following tagging. The difference in number recaptured in the 
two groups and the timespan over which they were recaught is 
large, considering that both were exposed to approximately 
similar fishing efforts. We attribute this difference primarily to a 
greater tagging mortality in the offshore releases, which were 
from depths of about 90 m and were in less vigorous condition 
than those tagged inshore, which were from 27 m or less. While 
the flounders have no gas bladders to cause decompression in- 
jury, they may have been hurt by the rapid pressure drop as they 
were brought from deep water to the surface. Tow length may 
also have been a factor. The fish tagged offshore were caught in 
tows of 45-60 min duration and therefore may have suffered 
greater injury in the trawl than those on inshore grounds, which 
were mostly caught in tows of 30 min. In addition, tows on the 
offshore grounds frequently contained some spiny dogfish, 
Squalus acanthias, whose rough skin and spines abrade other 
fishes in the trawl. 

There was evidence of some tagging mortality among inshore 
releases, also, based on the tag return rate of newly tagged sum- 
mer flounder that were recaught during later tagging tows and 
re-released. In the Block Island Sound tagging, 23 of the tagged 
fish recaught during tagging tows were re-released in apparently 
good condition. Of these only four subsequently were recap- 
tured, for a total tag return rate of 17.4%. This is much lower 
than the 50% return rate for the Block Island Sound releases as 
a whole. In addition to this, two of the Block Island Sound 
releases, which never previously had been recaught, were picked 
up dead and decomposed a few days after tagging in the trawl of 
the commercial vessel that had been used during tagging. 

In the course of the Nantucket Sound tagging, 90 of the tag- 
ged fish were recaught in later tagging tows and re-released. Of 
these, 10 subsequently were recaptured, a total return rate of 
11.1%. Again, this was much lower than the 40.8% return rate 
for Nantucket Sound releases as a whole. 
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It seems clear from the above that a significant number of the 
summer flounder from inshore releases died from the catching 
and tagging operations. This mortality needs to be considered in 
estimating population parameters from the tag return data. 

The summer flounder tagged in April 1961 on offshore 
grounds (Fig. 1) moved during the spring and summer north- 
west, north, and northeast to coastal areas; there was no move- 
ment to the south of the Sandy Hook, N.J., area (Figs. 3-5). 
During the fall the movement was back toward the offshore 
winter grounds near the outer shelf edge; in the winter all of the 
recaptures were from the offshore grounds with many of them 
coming from the vicinity of tagging. Some of the offshore 
returns, however, were from areas up to about 220 km to the 
east of the release point, indicating that there also was some 
eastward movement of summer flounder on offshore grounds 
(Fig. 5). None of the returns were from areas east of Veatch 
Canyon and, insofar as is known, this is the eastern limit for 
movement of this species in any numbers, although they occa- 
sionally are caught on Georges Bank (Bigelow and Schroeder 
1953). 

Few of the tag recoveries were from offshore areas southwest 
of the point of tagging, suggesting that there was little move- 
ment in that direction (Fig. 5). This apparently was not a result 
of lack of fishing effort, since New Jersey vessels regularly fish 
offshore grounds south of Hudson Canyon in the winter 
(Widerstrom 1959); if any numbers of tagged summer flounder 
had moved there, it is likely that more would have been caught. 

The general pattern of recoveries from these offshore releases 
indicated that the summer flounder that move as far north as the 
winter grounds north of Hudson Canyon become rather perma- 
nent residents of the northern part of the Middle Atlantic Bight. 

The summer flounder tagged in September 1962 on inshore 
areas of Block Island and Nantucket Sounds (Fig. 1) moved in 
the fall and early winter to offshore winter grounds from the 
vicinity of Veatch Canyon on the east to as far south as 
Baltimore Canyon (Figs. 9-13). Some of the recaptures from 
these releases clearly had moved farther south on the offshore 
grounds than did those from the 1961 offshore releases. There 
appears to be no clear explanation for this difference, although 
variations in the winter bottom temperature on offshore 
grounds may have altered summer flounder distribution, as was 
suggested by Nesbit and Neville (1935). 

The large cluster of winter returns from the vicinity of Block 
Canyon (Fig. 10) may be regarded, at least in part, as a function 
of fishing effort in this intensively fished area. However, the 
area also is a productive winter fishing ground for squid (Lux et 
al. 1974), an important summer flounder food. It is possible, 
therefore, that summer flounder aggregate there to some extent 
for feeding. 

Tag recoveries during the spring and summer of 1963 and 1964 
from the inshore releases (Figs. 10-13) show that the fish in these 
seasons moved back inshore to areas from Long Island to south 
of Cape Cod. Many were recaught at points of release. The 
general tendency was for these returns to be made from areas far- 
ther to the east as the summer progressed. There were very few 
spring and summer returns from inshore areas south of Long 
Island, further indicating that fish that had moved to New 
England waters did not move far to the south in subsequent years. 

The results from the 1961 and 1962 tagging studies showed 
movement patterns similar to those found for fish tagged in in- 
shore waters of New York and New Jersey (Westman and 
Neville 1946; Poole 1962; Murawski footnote 3). The New York 
and New Jersey summer flounder, however, moved farther 


south in the winter months and generally did not move as far 
north in the summer as the New England releases did. In all of 
these more southern studies, there was a trend towards fish 
movement to the northeast with the passage of time. All of this 
coincides with the general view that the major nursery grounds 
for this species are in estuaries and bays from Virginia to North 
Carolina and that many of the fish tend to move northward as 
they grow older (Poole 1966). 

To provide more information on this apparent northward 
dispersal with age, Murawski (footnote 3), studying movements 
of tagged summer flounder in New Jersey coastal waters, com- 
pared the lengths of fish recaptured from north and south of the 
release areas to see if there was a difference in fish size with 
direction of movement. He found no consistent differences for 
those releases. As we mentioned here earlier, some of the recap- 
tures from our 1962 inshore releases were recaught in 1963 and 
1964 on winter grounds far south of the release areas (Figs. 10, 
12). To examine the possibility that there might be a north-south 
size difference in these offshore recaptures, we calculated the 
mean lengths, at tagging, for fish that were recaptured in 
January-March 1963 and 1964 north of lat. 39°N and those 
caught south of this latitude. The results of this (Table 3) suggest 
that the recaptures north of lat. 39°N were about 2 cm longer. 
The small numbers of fish involved in these samples, however, 
make it difficult to settle this question. 


Table 3.—Numbers of tag recaptures north and south of lat. 39°N 
in January-March 1963 and 1964 from 1962 inshore releases, and 
mean lengths and length ranges, in centimeters, at time of tagging. 


Number of Mean Length 

Area recaptures Length range 

1963 North of lat. 39°N 84 45.4 36-60 
1963 South of lat. 39°N 22 42.8 38-50 
1964 North of lat. 39°N 20 44.6 40-52 
1964 South of lat. 39°N 8 42.6 40-45 


Most of the tag recaptures of our study were made during the 
January-April offshore fishery and during the inshore season 
from June-September (Tables 1, 2). A large proportion of recap- 
tures in any one year was in the January-March quarter. In all 
cases these were caught by the commercial fleet since summer 
flounder is not available to anglers in winter. Landing statistics 
show that this quarter usually is the time of greatest commercial 
catches of summer flounder for New England trawlers. 

Few tag recoveries were obtained in October-December, in- 
dicating that the fishing pressure on this species was low then. 
This probably was related to the dispersed nature of the summer 
flounder population during the fall migration to offshore areas. 
An advantage of a low fishing mortality at this time is that the 
fish are relatively undisturbed during spawning, which occurs 
during their offshore movement to winter grounds (Smith 1973). 

Who recaptures the tagged summer flounder depends largely 
upon when and where the fish are tagged. Recreational 
fishermen recovered 26.5% of our April 1961 offshore releases 
and only 3.6% of those in the September 1962 inshore series. 
Most of the angler recaptures from the 1961 tagging were from 
Long Island bays, which are areas of great sport fishing activity. 
Angler returns from the 1962 releases, on the other hand, were 
mostly from New England waters, where the angler population 
is smaller. 

Recreational fishermen caught a large proportion of tagged 
summer flounder released in past studies on inshore New York 
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and New Jersey grounds, in contrast to the results from the in- 
shore New England releases. In tagging studies in Great South 
Bay, Long Island, for example, up to about 60% of summer 
flounder recaptures were made by anglers (Westman and Neville 
1946; Poole 1962); in tagging off New Jersey, sport fishermen 
caught up to 60% of the summer flounder released near Sandy 
Hook and up to 49% of those tagged off Cape May (Murawski 
footnote 3). 

Although no age studies have been done in conjunction with 
the tagging, some inferences about age composition and growth 
rate of summer flounder can be drawn from the size composi- 
tions, by sex, of the recaptured fish (Fig. 6). In the fish tagged 
offshore in April 1961, about the time when growth starts for 
the year, the male modal length is about 35 cm, which is close to 
the length calculated from otoliths of 345 mm at age 3 given by 
Smith and Daiber (1977); likewise, the mode for females at 
about 40 cm is close to their calculated length at age 3 of 380 
mm. For the fish that we tagged in September 1962 in Block 
Island and Nantucket Sounds (Fig. 6), there are modes for males 
at about 40 cm, which correspond closely with the 397 mm 
calculated length at age 4 of Smith and Daiber. While no clear 
modes appear in the size frequencies of females in the 1962 
samples, there is some evidence of modes at about 45 cm. This 
value, also, is close to the 453 mm length calculated at age 4 by 
Smith and Daiber. Fish measured in September can be expected 
to have completed most of their growth for that calendar year, 
and their lengths generally would differ little from those at the 
time of formation of their next annulus. 

As indicated earlier, small flounder, less than about 28 cm in 
length, are uncommon off New England. Coupled with this 
fact, the size distributions of Figure 6 suggest that most summer 
flounder do not arrive in New England waters until they have 
reached age 3, although it seems likely that some of the faster 
growing 2-yr-olds also make this migration. 

The reason for describing the size and age composition in 
some detail here is its potential value in measuring summer 
flounder recruitment. If modes in size frequencies taken in New 
England can be identified with age group 3, then it should be 
possible to get an estimate of recruitment of 3-group fish to the 
New England area by obtaining length frequencies by sex of 
summer flounder from limited special otter trawl surveys for this 
species. From the data of Figure 6 and from information on the 
pattern of seasonal distribution, a good time of year to attempt 
such a survey would be in the late spring, when the fish have 
arrived on inshore New England grounds such as Block Island, 
Vineyard, and Nantucket Sounds. 
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Factors Influencing Ocean Catches of Salmon, Oncorhynchus spp., 


off Washington and Vancouver Island! 


R. A. LOW, JR.? and S. B. MATHEWS? 


ABSTRACT 


The relative influence of various factors on ocean fishing success was evaluated for pink, Oncorhynchus 
gorbuscha, chinook, O. tshawytscha, and coho, O. kisutch, salmon off Washington and Vancouver Island. In 
addition, an evaluation was made of the practicality of predictive models for ocean catch. For each species, predic- 
tive regression equations were developed and their reliability evaluated in terms of the average percentage error of 
predicted catches from actual catches. 

Pink salmon catches were significantly correlated with indices of brood year abundance and the average in- 
dividual weight of fish caught in terminal areas during the brood year. Average error of predicted catches ranged up- 
ward of + 25%. Success for chinook salmon in year i was highly associated with Columbia River hatchery releases of 
fall brood year groups /—3 and i—4, Canadian purse seine catches of immature chinook salmon in Canadian area 20 
during August of year /— 1, and troll catch per effort during the fall of year {— 1. Washington troll and sport catches 
of chinook salmon were also significantly correlated with the amount of nominal fishing effort. Coho salmon catches 
were significantly associated with level of fishing effort, indices of brood year abundance of Columbia River wild 
coho salmon, and Columbia River jack returns the preceding year. The average error of predicted annual troll coho 


salmon catches off the central Washington coast was + 15% for 1966-75. 


INTRODUCTION 


Pink, Oncorhynchus gorbuscha, chinook, O. tshawytscha, 
and coho, O. kisutch, salmon returning to Washington waters 
are subjected to intensive ocean fisheries off the west coast of 
Vancouver Island and Washington. In inside waters, the level of 
exploitation by commercial netters and recreational anglers is 
based on the remaining harvestable portion of the runs. One of 
the salmon management objectives of the Pacific Fishery 
Management Council is to provide all ocean and inside fisheries 
the continuing opportunity to harvest salmon. In order to 
achieve equitable allocation of fishing opportunities in addition 
to conservation of salmon resources, management agencies 
must understand the relative effects of various factors on ocean 
fishing success. Because terminal area allocations for several 
species are based in part on preseason estimates of ocean 
interceptions, reliable predictive models for ocean catch are also 
desirable. Previous studies of effects of diverse conditions on 
abundance of and/or fishing success for the species mentioned 
have been limited to analyses of one or a few categories of data 
for a particular stock in a limited area. Very few of these studies 
have addressed the ocean fisheries. 

Trends in the Washington troll fishery through 1975 were 
described by Wright (1970, 1976). Haw et al. (1967) described 
the development of the Washington salmon sport fishery prior 
to 1965, while Phinney and Miller (1977) analyzed trends in the 
ocean sport fishery since 1970. United States Department of 
Commerce et al. (1977) provided a detailed account of the 
development and status of the ocean salmon fishery off Cali- 
fornia, Oregon, and Washington. Milne and Godfrey (1964) and 
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Godfrey (1969, 1970) discussed aspects of the Canadian troll 
fishery off the west coast of Vancouver Island. 

Although fisheries managers have traditionally assumed that 
abundance of pink salmon is associated with brood year abun- 
dance in a Ricker spawner-recruit curve, other associations have 
been reported. One factor that may influence the abundance of 
offspring is the average individual weight of spawning females, 
since higher fry survival rates appear to be associated with larger 
brood females (Skud 1973). Survival of out-migrant fry in 
estuarine assembly areas may also reflect a prey-predator rela- 
tionship with yearling coho salmon (Hunter 1959). During their 
marine residence, pink salmon from the Fraser River system and 
Puget Sound tributaries appear to follow a similar migratory 
route (Neave et al. 1967; Royce et al. 1968). The oceanographic 
condition most likely to be associated with survival of juveniles 
and catchability of maturing fish is surface sea temperature 
(Vernon 1958; Favorite 1961; Birman 1964; International Pacific 
Salmon Fisheries Commission 1974). The average individual 
weight of maturing pink salmon varies inversely with run 
strength in inside waters (International Pacific Salmon Fisheries 
Commission 1974). Ocean catches could be related to all of 
these elements. 

A Ricker-type spawner-recruit relationship has also been 
assumed for major chinook salmon stocks (Van Hyning 1973), 
but again other factors are involved. Contributing to production 
are hatchery releases, of massive proportions in recent years 
(Wahle et al. 1975). During out-migration, juvenile fall chinook 
salmon, particularly Columbia River fish, may be detrimentally 
influenced by warmer-than-normal surface coastal sea 
temperature (Vernon 1958; Van Hyning 1968) and lower-than- 
normal upwelling rates (Van Hyning 1968). The location and 
extent of upwelling may also affect catchability of maturing 
chinook salmon because of the influence on abundance and 
distribution of forage. Tully (1954) found that the only variables 
significantly associated with troll catch rates off the west coast 
of Vancouver Island were wind velocity and direction. Because 


summer upwelling there is a function of those elements 
(Hollister 1966), he may have indirectly detected an association 
between catchability and upwelling. Fall chinook salmon of 
several age groups comprise the bulk of the ocean catches, so 
fishing success late in the previous season may indicate abun- 
dance of some age groups in the following year. All of these 
factors could be related to ocean fishing success for chinook 
salmon. 

For those coho salmon stocks where naturally produced fish 
are a major component, environmental factors have been found 
to strongly influence recruitment; while in most major produc- 
tion areas, massive hatchery releases have complicated stock- 
recruitment relationships in recent years. Low streamflow rates 
during the year of juvenile freshwater residence reduce survival 
(Neave 1949; Smoker 1953), and an index of summer flow rate 
in year j—2 is used to predict Puget Sound wild coho salmon 
runs in year i (Zillges 1974, 1977). 

Environmental conditions during periods of preemergence 
and hatching could also influence abundance. The same ocean- 
ographic conditions suspected of influencing survival of juvenile 
chinook salmon and catchability of harvestable fish could also 
affect coho salmon. Hollister (1956) referred to a positive 
association between troll success off the west coast of Vancouver 
Island and surface salinity, Wright et al. (1976) found that peak 
success in the Oregon troll fishery coincided with surface sea 
temperatures of 11 °-13°C, Gunsolus (1978) described a positive 
relationship between abundance of adult coho salmon off 
Oregon and spring upwelling in the previous year, and Fisheries 
of Canada (1971) cited an example of the influence of upwelling 
on trolling activities. Jack returns are considered indicative of 
survival of a particular year class and may be valid indicators of 
abundance of maturing Columbia River coho salmon (Gunsolus 
1978). Growth rate may show a direct relationship with survival 
in the marine environment (Henry 1961). There may be an in- 
verse relationship between average individual size and 
catchability, with smaller coho salmon staying closer to shore 
and being more vulnerable to the fisheries, an opinion cor- 
roborated by results of Oregon Department of Fish and Wildlife 
studies (Gunsolus 1978). All of these diverse elements could af- 
fect ocean fishing success for coho salmon. 

In this paper, we have examined the relative influence of 1) 
brood year abundance, 2) hatchery releases, 3) freshwater 
environmental factors, 4) oceanographic conditions, and 5) 
levels of nominal effort on a) commercial ocean troll catch, b) 
troll catch per unit of effort (CPUE), and c) ocean sport catch 
of pink, chinook, and coho salmon during 1955-75 from 
Tillamook Head, Ore., to Cape Scott, Vancouver Island. 
Several predictive models for ocean catch based on the above 
factors were developed and their reliability evaluated. 


METHODS 


Catch and effort data for commercial fisheries were obtained 
from Washington Department of Fisheries (1955-75) and 
Canada Fisheries and Marine Service (1955-75a). Sources of 
sport fishery data were Haw and Buckley (1965), Nye and Ward 
(1966), Haw et al. (1967), Washington Department of Fisheries 
(1966-75), and Canada Fisheries and Marine Service (1955-75b). 
Hatchery production figures originated from Wahle et al. (1975) 
and unpublished data (Foster*) of the Washington Department 


“R. Foster, Washington Department of Fisheries, Olympia, Wash., pers. com- 
mun. February 1976. 


of Fisheries, Hatchery Division. Estimates of run size and 
escapements were from Oregon Department of Fish and 
Wildlife and Washington Department of Fisheries (1976) for 
Columbia River stocks, International Pacific Salmon Fisheries 
Commission (1962, 1968, 1974, 1976) for pink salmon, and 
unpublished data (Zillges*) for Puget Sound chinook and coho 
salmon. Average winter air temperatures and river peak 
momentary discharge rates at Washington stations were obtain- 
ed from U.S. Geological Survey records, Tacoma, Wash. 
Surface sea temperatures and salinities at Canadian shore sta- 
tions were from Hollister and Sandnes (1972), Hollister (1972, 
1974), and Giovando and Hollister (1974). Indices of upwelling 
were modified from Gunsolus (1978). Data obtained directly (or 
slightly modified) from readily available published sources are 
not reproduced here and can be found in Low (1979). 

The Washington Department of Fisheries and Canada 
Fisheries and Marine Service used a marine statistical area 
system to report commercial catches in numbers of salmon by 
species and effort in either individual vessel landings 
(Washington) or days fished (Canada) during 1955 through 
1975. We have pooled data for these areas according to the district 
classification shown in Figure 1. Washington data reported by 
geographical category were classified as follows: 1) Columbia 
River district: Tillamook Head to Cape Shoalwater; 2) Coastal 
Washington district: a) Cape Shoalwater to Cape Elizabeth, b) 
Cape Shoalwater to Cape Johnson, c) Cape Elizabeth to Cape 
Johnson, d) Split Rock (near Cape Elizabeth), e) Quillayute 
(zone 3), f) La Push; 3) Puget Sound district: a) Cape Flattery 
(zone 4), b) Barkley Sound (area 23), c) Swiftsure (area 21). 


‘G. Zillges, Washington Department of Fisheries, Olympia, Wash., pers. com- 
mun. October 1977. 
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Figure 1.—Salmon statistical catch areas. 


Canadian area C is arbitrarily included in the Puget Sound 
district on the assumption that most of the catches reported 
there were made north of La Push. Data reported for 
Washington fishermen north of Barkley Sound and for the 
following categories were not considered due to their geographic 
dispersal and relative insignificance: 1) Tillamook Head to Cape 
Elizabeth, 2) Tillamook Head to Barkley Sound, 3) Cape 
Elizabeth to Barkley Sound. These data were included when 
calculating statewide totals. Catches of pink salmon south of 
Cape Johnson were insignificant and were not included in the 
analyses. Because of the difficulty in standardizing effort for 
Washington and Canadian trollers, data for each group were 
analyzed separately. Sport catch was also analyzed separately 
and is referred to by port of origin (Ilwaco, Westport, La Push, 
Neah Bay). 

Because the ocean hook-and-line fishery is noncompetitive 
according to Ricker’s (1975) criteria, then theoretically CPUE is 
a more valid index of abundance than is catch; but, in practice, 
there are limitations to the use of sport CPUE and Washington 
troll CPUE for this purpose. A restrictive (three salmon per day) 
ocean bag limit for Washington fishermen was in force during 
the period considered and the number of salmon caught per 
angler trip has little quantitative meaning. The overall sport 
catch is a better index of salmon abundance in this application. 
Wright (1970) discussed the problems associated with the use of 
Washington troll CPUE as an index of ocean salmon abun- 
dance, most of which stem from the vague dimensions of the 
landing as a unit of effort. For the Washington troll fishery, 
effects of various factors-on both catch and CPUE were 
examined. Trends in Canadian troll CPUE have closely parallel- 
ed those in troll catch, particularly for chinook and coho 
salmon. In trend analysis of the Canadian fishery, it therefore 
makes little difference whether catch or CPUE is the dependent 
variable. 

The analytical procedure employed was linear regression, with 
1) commercial ocean troll catch, 2) troll CPUE, or 3) ocean 
sport catch in particular areas during specified periods being the 
dependent variables. All regressions were calculated with Bio- 
Med computer program BMDO2R (Dixon 1968). When the 
regression equation included an index of brood year abundance 
as an independent variable, we used a log transformation based 
on Ricker’s spawner-recruit relationship, i.e., 


InvRe=iln a-— DSi aeeact ANNs; 


where R is troll catch, etc. in year i and S is the index of 
abundance in the brood year i—x, x being the age in years at 
maturity. Ricker (1975) discussed appropriate data transforma- 
tions for exploratory correlations involving physical factors. In 
preliminary work, we found ranking to be the only useful altera- 
tion when dealing with environmental variables. 


Pink Salmon 


Indices of brood year abundance.—Several indices (Table 1) 
were based on net gear catch or CPUE for each of four major 
stocks: 1) the Washington run, 2) the Canadian non-Fraser run, 
3) the early Fraser run, and 4) the late Fraser run. For each, we 
summed net gear catch and effort as indicated below, based on 
information in Hourston et al. (1965) and Ward (1958). 

Washington run: 1) one-half of the net catch (or effort) in 
Canadian area 20 during 15 July through 15 August; 2) one-half 


of the United States and Canadian net catch (or effort) in the 
Strait of Juan de Fuca during 15 July through 15 August; 3) 
annual trap, drag seine, and set net catch (or effort) in Puget 
Sound; 4) annual net catch (or effort) reported for Admiralty 
Inlet, West Beach, Skagit Bay, Port Susan, Port Gardner, and 
Bellingham Bay, exclusive of that in the previous category. 

Canadian non-Fraser run: 1) and 2) as above; 3) net catch 
(or effort) at Point Roberts, Rosario, Salmon Banks, and San 
Juan Islands during 1 August through 15 August. 

Early Fraser run: 1) Canadian net catch (or effort) in 
Canadian area 20 during 16 August through 31 August; 2) 
United States and Canadian net catch (or effort) in the Strait of 
Juan de Fuca during 16 August through 31 August; 3) net catch 
(or effort) at Discovery Bay, the San Juan Islands, Rosario, and 
the Salmon Banks during 16 August through 6 September; 4) 
net catch (or effort) at Point Roberts during 16 August through 
9 September; 5) net catch (or effort) in the Fraser River during 1 
September through 20 September. 

Late Fraser run: 1) Canadian net catch (or effort) in Cana- 
dian area 20 during September; 2) United States and Canadian 
net catch (or effort) in the Strait of Juan de Fuca during 
September; 3) net catch (or effort) at Discovery Bay, the San 
Juan Islands, Rosario, and the Salmon Banks during 7 
September through 15 October; 4) net catch (or effort) at Point 
Roberts during 10 September through 15 October; 5) net catch 
(or effort) in the Fraser River during 21 September through 20 
October. 

To calculate CPUE for net gear, we standardized effort in 
Washington gill net landings. Within an area, CPUE for each 


gear type was calculated as a where C was catch in fish and 


f was effort in landings. Then an efficiency factor E of 1.00 
was assigned to gill nets. Efficiency factors for other gears (1, 


2...) were calculated as E = NC), where N was CPUE for 


a gear type and G was CPUE for gill nets. Then the total stan- 


dardized effort f ,,, for a particular year in a specific area was 
calculated as: 


F sta = Wrenn ats Efi at EB: fr. DQG 


We calculated catch per standardized unit of effort as the total 
catch for all net gears divided by the total standardized effort. 
Efficiency factors are shown below. If CPUE for gill nets and 
another gear was not significantly different, catch and effort 
were added for both types. 


Area Gear E 
Puget Sound Gill net and set net 1.00 
Drag seine 4.13 

Indian trap 16.29 

Purse seine 10.84 

Reef net 2.39 

Area 20 Canadian gill net 1.29 
Canadian purse seine 23.89 


Predator-Prey relationship.—If the following assumptions 
are met: 1) abundance of yearling coho salmon is proportional 
to the number of hatchery yearlings released that year and 2) in- 
creased numbers of yearling coho salmon contribute to reduced 


Table 1.—Indices of brood year abundance of pink salmon based on net gear catch (in thousands of fish) and CPUE (in fish per standardized 
unit of effort). 


Washington run 


Brood Sa arr ena 

year Catch CPUE Catch 
1953 1,575.0 49.7 474.2 
1955 804.7 21.1 272.0 
1957 543.3 21.4 211.6 
1959 320.4 16.4 169.3 
1961 420.1 18.5 295.2 
1963 3,983.6 79.8 793.0 
1965 260.9 13.1 101.6 
1967 199.2 6.3 179.5 
1969 54.3 3.6 69.8 
1971 207.2 11.6 69.3 
1973 257.2 11.2 108.9 


numbers of pink salmon out-migrants, then there may be a 
negative relationship between ocean catches of pink salmon in 
year j and hatchery releases of coho salmon of brood year group 
i—3. This possibility was evaluated by calculating regressions of 
1) commercial ocean troll catch, 2) troll CPUE, and 3) sport 
catch of pink salmon in year 7 against weight of coho salmon 
yearlings of brood year group i—3 released from Puget Sound 
hatcheries. Hatchery releases are listed in Wahle et al. (1975). 


Surface sea temperature.—Regressions of 1) commercial 
ocean troll catch, 2) troll CPUE, and 3) annual total ocean and 
inside Washington sport catch against mean surface sea 
temperatures for stations and periods indicated below were 
calculated. Locations of shore stations were described by 
Hollister (1960). 


Station Time period 
Departure Bay 
Amphitrite Point 
Kains Island 
Cape St. James 
Langara Island 
Ocean Station P 
Langara Island 
Cape St. James 
Kains Island 
Washington coast 


April-August, year i—1 
August-October, year i— 1 
September-October, year j— 1 
September-October, year j— 1 
October-November, year i— 1 
February-April, year 7 

May, year / 

May-June, year / 

June-July, year 7 

May, year / 


Data were obtained from sources listed earlier in this section. 
Data for ocean Station P and the Washington coast were 
compiled from numerous sources and are reproduced below. 


Washington 
Station P (°C) coast (°C) 
Year February March April May 
1955 _ — -- 8.80 
1957 Sh ¥/ 5.94 6.31 10.20 
1959 5.28 5.03 Sl 10.20 
1961 4.94 4.78 5.17 10.98 
1963 6.14 6.00 5.86 12.39 
1965 4.65 = 5.78 -- 
1967 5.27 — 5.37 13.42 


1969 as ts oa = 


Canadian non-Fraser run 


Early Fraser run Late Fraser run 


CPUE Catch CPUE Catch CPUE 


13.6 3,626.9 53.5 2,553.3 50.1 
6.8 5,185.6 48.6 3,445.6 39.3 
9.3 3,826.4 44.1 888.9 20.9 
7.0 2,611.3 42.5 1,221.0 21.8 
7.4 308.3 18.3 56.3 3.3 
22.0 3,097.1 69.1 1,442.5 34.0 
6.3 497.5 20.2 263.2 10.0 
6.9 4,520.8 62.7 1,887.1 34.4 
2.6 721.1 36.4 706.9 20.1 
3.0 1,829.8 23.5 2,045.5 40.6 
4.2 2,403.7 39.4 1,123.6 22.0 
1971 4.98 4.24 4.73 9.05 
1973 5.31 = 5.70 9.94 
1975 5.42 5.12 4.87 = 


The assumption must be made that conditions monitored at 
these sites are reflective of those in areas inhabited by the fish. 
Dodimead et al. (1963) considered conditions at Station P repre- 
sentative of those closer to the coast. Oceanographic conditions 
at Langara Island and Cape St. James reflect those in exposed 
ocean regions; those at Kains Island and Amphitrite Point 
reflect the conditions in exposed coastal areas (Hollister 1956). 
Surface temperatures in Departure Bay probably typify those in 
sheltered inland waters. Robinson (1957) compared surface sea 
temperatures at Amphitrite Point, a station at lat. 49°N long. 
148°W, and in the coastal region bounded by lat. 48°-49°N 
long. 129°-130°W. She concluded that shore station data were 
indicative of conditions in coastal waters. 


Individual size.—We calculated regressions of 1) commercial 
ocean troll catch, 2) troll CPUE, and 3) sport catch against the 
average individual weight of pink salmon caught in terminal 
area net fisheries in year i/—2. Data for Canadian area 20 were 
included because fish from all major stocks are included in the 
catches there. Average weight was estimated as the aggregate 
weight of the catch divided by the estimated number of fish 
caught. For each area, regressions of troll catch and CPUE in 
each month on the individual weight of fish caught during that 
month were calculated. Weight data are listed in Table 2 and 
were derived from catch statistics in sources listed previously in 
this section. 


Chinook Salmon 


Indices of brood year abundance.—Indices consisted of 
escapement estimates, net gear catch, and net gear CPUE during 
peak run periods. Indices based on catch and CPUE are listed in 
Table 3. Year i—4 was considered the brood year except for 
Columbia River fall chinook salmon, for which data for years 
i—3 and i—4 were combined. Periods for major runs were as 
follows: 


Run Inclusive Dates 


Spring chinook salmon 
Columbia River 
Puget Sound 


1 March-31 May 
1 March-30 June 


Table 2.—Average weight (in kg) of pink salmon. Values are round weight for net- 
caught fish, dressed weight for troll-caught fish. 


Net-caught fish 


Year Area' 20 Fraser River? Wash. Terminal Areas* Brood 
1953 2.65 2.83 aa a 
1955 2.86 2.92 2.58 ee 
1957 2.43 2.56 2.38 1954 
1959 2.39 2.49 235 1955 
1961 3.25 3.86 3.07 1956 
1963 2.30 2.46 227 1957 
1965 2.90 3.03 29] 1958 
1967 2.39 2.50 232 1959 
1969 2.71 2.87 2.65 1960 
1971 2.34 2.36 2.35 aes 
i ” 
1973 2.49 2.47 47 ae 
Troll-caught fish 1964 
1965 
C. Elizabeth-C. Johnson C. Flattery 1966 
Year June July August June July August eee 
1955 2.47 2.41 2.70 2.44 2.73 2.45 1969 
1957 1.56 1.81 2.00 1.69 1.90 2.05 1970 
1959 186 1.99 2.15 1.64 1.91 1.98 ‘Gal 
1961 RS ep | ap 2.30 2B 6s A 2u75 1972 
1963 1.67 1.78 2.00 1.67 1.72 1.88 
1965 2.10 2.37 2.53 2.13 2.55 2.54 
1967 1.56 1.94 2.10 1.40 1.85 2.04 
1969 LES 9 Pie ONG 2.00 239 2.39 Brood 
1971 1.47 1.89 2.32 1.48 1.91 2.16 year 
1973 1626 | 210) 12128 1.69 2.09 2.38 1955 
1975 147 2.12 2.44 1.43 2.04 2.44 1956 
Areas 21 and 23 Areas 25-27 1957 
Year June July August June July August 1958 
1955 a 2.64 2.74 _— 2.60 2.69 1959 
1957 1.97 2.30 2.04 1.90 1.95 2.25 1960 
1959 1.75 1.96 2.02 1.66 1.83 2.04 1961 
1961 2.41 2.60 2.58 2.53 2.75 2.78 1962 
1963 1.56 1.72 2.13 2.11 1.88 2.56 1963 
1965 2.09 2.71 2.59 1.88 2.72 2.54 1964 
1967 1.50 1.85 2.00 1.56 1.84 2.04 1965 
1969 1.68 2.17 2.46 1.83 2.18 2.39 1966 
1971 1.54 1.76 1.99 1.68 1.78 1.93 1967 
1973 1.66 1.83 1.97 1.54 1.58 1.86 1968 
1975 1.43 1.89 2.29 1.86 1.86 1.95 1969 
; c 1970 
August purse seine catch. 1971 


*September gill net catch. 


*Annual net catch for P. Susan, P. Gardner, and Skagit Bay. 


Point Roberts 
Fraser River 


Fall chinook salmon 


Columbia River above 


1 March-30 June 
1 March-end of 3d Canadian 
statistical week in July 


1 August-31 August 


Bonneville Dam 
Total Columbia River 


Puget Sound 
Point Roberts 
Fraser River 


1 August-31 December 
1 July-31 October 
1 July-31 October 


Last Canadian statistical 


week in July through 31 


October 


"Includes Point Roberts. 


Point Roberts 


Since many of the chinook salmon caught at Point Roberts 
were of Fraser River origin during the years considered, we 


combined catch and effort data for Point Roberts with those for 


the Fraser River. Effort was standardized as described for pink 
salmon, using efficiency factors listed below: 


Fall chinook salmon: 
Puget Sound 


Point Roberts 


Columbia River catch 


Spring chinook salmon: 
Puget Sound 


Table 3.—Indices of brood year abundance of chinook salmon based on net gear 
catch (in thousands of fish) and CPUE (in fish per standardized unit of effort). 


Early 
Springs (Aug.) Falls Late (Sept.-Dec.) Falls 
88.1 108.6 44.3 
89.8 85.4 39.7 
224.1 126.6 49.6 
164.0 162.2 14.2 
117.8 120.4 24.4 
126.8 78.9 65.0 
77.0 78.9 22.2 
64.8 128.7 8.1 
64.4 89.6 26.1 
112.4 127.2 31.7 
81.0 67.6 31.4 
67.2 107.3 47.2 
93.1 146.2 57.1 
40.6 112.4 33.8 
44.8 121.9 36.9 
29.1 50.6 99.0 
63.7 108.0 78.3 
45.4 149.6 102.8 
35.3 93.8 122.1 
112.7 96.3 43.4 
Puget Sound Fraser River' 
Springs Falls Springs Falls 
Catch CPUE Catch CPUE Catch CPUE Catch CPUE 
65247 Guy 263i e425 46.5 2.84 56.7 1.78 
8.3 3.36 16.5 3.35 54.7 3.19 42.8 2.08 
5.0 2.36 20.1 3.78 38.0 2.76 57.4 1.84 
40 2.71 25.5 4.66 771.4 407 71.0 1.51 
AQ 22s 2257 eAi88 63.3 4.48 90.8 2.40 
6.1 2.80 343 5.10 49.8 3.12 72.2 2.66 
TES VDL SEE ASIN) 47.0 2.03 45.4 2.22 
Gili PIPE} ORO) | LEONG 57.8 3.33 40.6 2.15 
Sia e256 mn 5518s: 43, 56.1 4.39 60.3 2.05 
6.0 2.63 41.6 5.47 71.6 4.65 81.6 3.46 
6:9 men DTT p563)< 15.96 AGT” 327) ee 452) 2222 
4.1 2.34 55.4 6.90 49.4 406 57.7 2.78 
17 1.62 44.9 5.63 76:5) 4054) = 5370" 1-76 
3:5) 2:40), 58!2) 96:78 55.8 4.63 58.8 2.66 
3.6 2.70 52.6 6.82 46.9 4.83 50.1 2.35 
DES eee D!S ihe 6618) 876 A3\Gmmest52) a OGe2 SHIT, 
23 2.89 66.9 8.16 54.0 3.85 105.8 2.54 
Gill net 1.00 
Set net 0.90 
Drag seine 1.64 
Indian trap 8.79 
Fraser River gill net 1.00 
Washington gill net 0.86 
Washington purse seine 5.44 
Washington reef net 1672: 
Gill net and set net 1.00 
Drag seine 0.91 
Indian trap (1955-61) 11.02 
(1962-75) 3.05 
Purse seine 1.45 
Fraser River gill net 1.00 
Washington gill net 0.80 
Washington set net 1.32 


Washington purse seine 3.16 
Washington reef net 2.14 


Hatchery production.—Releases from Columbia River hatch- 
eries above Bonneville Dam were weighted by subtracting 10% 
(a generally accepted mortality rate) of the figure reaching each 
dam downriver of the point of release from the total arriving at 
the dam, to compensate for juvenile mortality associated with 
turbine passage. For example, if 10,000 kg were released at a 
point upriver of three dams, the amount reaching the ocean was 
estimated at 7,290 kg: 


Dam 1... 10,000 — 0.1 (10,000) = 9,000 
Dam2... 9,000 — 0.1 (9,000) = 8,100 
Dam3... 8,100 — 0.1 (8,100) 7,290 


Surface sea temperature during period of out-migration.— 
The studies by Vernon (1958) and Van Hyning (1968) both 
implicated warm surface sea temperature at Amphitrite Point 
during June of year i—2 as a negative factor affecting juvenile 
survival. The possibility of a relationship between ocean fishing 
success and this variable was evaluated by calculating regres- 
sions of 1) commercial ocean troll catch, 2) troll CPUE, and 3) 
ocean sport catch during year / on mean sea temperature there 
during June and June through August of year 7-2. 


Upwelling during period of out-migration.—We calculated 
regressions of 1) commercial ocean troll catch, 2) troll CPUE, 
and 3) Washington ocean sport catch in year / on indices of 
upwelling during April through June in year i—2 off Cascade 
Head and Cape Flattery. Upwelling indices are listed in Table 4. 
Since surface salinity is a good indicator of the extent of up- 
welling (Owen 1968), regressions were calculated of these depen- 
dent variables on ranked values (1 = lowest %,,) of salinity at 
Amphitrite Point during June through August of year /—2; the 
base data are contained in sources listed previously. 


Upwelling during current season.—We calculated the regres- 
sions of 1) Columbia River district commercial troll catch, 2) 
Columbia River district troll CPUE, and 3) combined sport 
catch for Ilwaco and Westport in year / on indices of spring 


Table 4.—Indices of upwelling. Modified from Gunsolus (1978). 


Cascade Head Cape Flattery 
Apnil-June April-June 
Year Apnil index index Apnil index index 
1960 0 32.5 5 22.0 
1961 36 22.0 55 25.5 
1962 18 41.0 25 32.0 
1963 16 40.0 38 42.0 
1964 82 95.5 80 68.5 
1965 30 98.5 41 76.5 
1966 68 103.5 73 68.0 
1967 36 122.5 51 84.3 
1968 72 93.0 71 59.5 
1969 4 37.0 0 33.0 
1970 50 64.5 & STS 
1971 23 39.5 27 37.5 
1972 24 44.5 36 37.0 
1973 68 69.0 & 42.0 
1974 27 55.0 38 44.0 
1975 60 97.0 58 66.0 


(April-June) upwelling off Cascade Head in year 7. Regressions 
of 1) Puget Sound district commercial troll catch, 2) Puget 
Sound district troll CPUE, 3) Canadian troll catch in areas C, 
21, and 23, and 4) combined sport catch during April through 
October for La Push and Neah Bay in year / on indices of spring 
upwelling off Cape Flattery in year 7 were also calculated. 


Previous fishing success.—Several fisheries in the previous 
year may function as test fisheries for chinook salmon. If the 
assumption is valid that the troll fishery in Canadian areas 24-27 
intercepts southward-bound Columbia River fall chinook 
salmon in the fall of the year prior to their maturity, then troll 
CPUE there may be an indication of probable chinook salmon 
catches off the Washington coast in the following year. The 
Puget Sound sport catch of chinook salmon is composed mostly 
of fish 1 yr younger than those caught in the ocean. Annual 
Puget Sound sport catch in year j— 1 may then serve as an index 
of abundance of Puget Sound-Fraser River chinook salmon that 
will be in the ocean the following year. The Canadian purse 
seine catch of immature chinook salmon (called jacks in 
Canadian statistics) in Canadian area 20 during August of year 
i—1 could also be a potential indicator of ocean fishing success 
the following year. We therefore calculated regressions of troll 
catch, CPUE, and sport catches on these variables. 


Coho Salmon 


Indices of brood year abundance.—These consisted of 
spawner density estimates, escapements, and net gear catch and 
CPUE during peak run periods (Table 5), based on dates listed 
below. 


Run Inclusive dates 


1 October-30 November 
1 August-31 October 

1 September-31 October 
1 September-31 October 


Columbia River 
Area 20 

Puget Sound 
Fraser River 


Table 5.—Indices of brood year abundance of coho salmon based on net gear catch 
(in thousands of fish) and CPUE (in fish per standardized unit of effort). 


Combined Puget S., 


Brood Late-run Columbia R. Puget Sound area 20, Fraser R. 
year Catch CPUE Catch CPUE Catch CPUE 
1953 14.7 3.71 _ — 665.2 9.8 
1954 10.0 4.24 _ — 420.5 6.2 
1955 15.0 7.37 297.2 11.3 614.9 7.4 
1956 17.1 8.90 453.8 23.4 581.9 17.8 
1957 13.8 7.99 187.7 11.7 696.9 10.5 
1958 5.4 4.23 266.9 10.7 674.7 8.4 
1959 3.3 4.10 255.3 13.3 743.9 10.9 
1960 1.1 3.93 80.7 8.5 223.5 6.4 
1961 4.0 8.37 330.9 20.2 726.0 14.6 
1962 6.5 10.21 352.3 20.5 861.0 17.3 
1963 6.4 12.13 175.9 11.9 609.8 9.2 
1964 7 12.27 344.2 23.4 823.6 20.5 
1965 10.4 15.85 325.9 21.6 883.9 17.4 
1966 6.8 32.86 572.8 33.7 1,227.1 23.4 
1967 8.1 14.42 241.2 14.7 777.3 12.1 
1968 3.2 6.21 403.1 25.1 920.9 22.2 
1969 3.2 7.71 284.1 18.6 617.5 14.0 
1970 29.0 25.88 778.4 36.4 1,402.8 24.4 
1971 32.1 18.79 475.5 23.4 1,213.7 16.6 


1972 9.0 9.81 $22.0 23.1 784.1 16.1 


CPUE was calculated as described for pink salmon using the 
following efficiency factors: 


Puget Sound Gill net, set net, reef 


net, and drag seine 1.00 

Indian trap 7.36 

Purse seine 1.98 

Area 20 Canadian gill net 0.63 
Canadian purse seine 8.46 


Hatchery production.—Releases for upper Columbia River 
hatcheries were adjusted as described for chinook salmon. Senn 
(1970a, b) showed that the survival rate of coho salmon released 
from hatcheries in northern Puget Sound is about 50% of that 
for fish planted by other Puget Sound hatcheries. For Puget 
Sound hatchery production, only one-half of the aggregate 
weight of releases from northern hatcheries was included. 


Environmental conditions during preemergence.—We cal- 
culated regressions of troll catch, troll CPUE, and sport catch in 
areas north of Cape Elizabeth on rank indices (1 = lowest rate) 
for pooled peak momentary discharge rates during October 
(year /—3) through February (year j—2) in the North Fork of 
the Stillaguamish, Skykomish, and Puyallup Rivers. Regres- 
sions were also computed for the same dependent variables 
against rank indices (1 = lowest temperature) of pooled air 
temperatures at Sequim, Puyallup, Darrington, Concrete, 
Newhalem, Quilcene, and Startup during the winter (October- 
March) of preemergence. 


Summer streamflow during year j— 2.—Regressions of troll 
catch and CPUE in areas north of Cape Elizabeth against ranks 
of the average July-September flow rate in six Puget Sound 
rearing streams (Newaukem Creek, Wallace River, Cascade 
River, North Fork of the Stillaguamish River, Skykomish River, 
and Puyallup River) were calculated. For each stream, average 
flow rates were ranked from lowest (1) to highest. Then we 
summed these ranks for each year and ranked the sums to ob- 
tain the series of annual indices shown below. 


Streamflow Streamflow 

Year index Year index 
1953 14.0 1964 17.0 
1954 20.0 1965 8.0 
1955 18.0 1966 9.0 
1956 13.0 1967 7.0 
1957 2.0 1968 15.0 
1958 1.0 1969 11.0 
1959 19.0 1970 4.5 
1960 10.0 1971 16.0 
1961 4.5 1972 21.0 
1962 12.0 1973 3.0 
1963 6.0 


Oceanographic conditions affecting juvenile survival.—To 
estimate the influence of marine physical conditions upon sur- 
vival during the first months of ocean residence, we calculated 
regressions of troll catch and CPUE in areas north of Cape 
Elizabeth on mean surface sea temperature and salinity at 
Amphitrite Point during July through September of year i—1. 
Regressions were also calculated of 1) commercial troll catch in 


the Columbia River and Coastal Washington districts, 2) troll 
CPUE in the same areas, and 3) combined annual sport catch 
for Ilwaco and Westport on indices of Cascade Head upwelling 
during April and April through June of the previous year. 
Similarly, regressions were computed of 1) commercial ocean 
troll catch in the Puget Sound and Vancouver Island districts, 2) 
ocean troll CPUE in these areas, and 3) combined sport catch 
for La Push and Neah Bay during June through October on in- 
dices of Cape Flattery upwelling. 


Oceanographic conditions influencing catchability.—Regres- 
sions of troll catch, CPUE, and sport catch on indices of upwell- 
ing during April and April through June in year i were 
calculated. Also computed were the regressions of 1) monthly 
troll CPUE in Canadian area 23 against mean surface sea 
temperature and salinity for the same month at Amphitrite 
Point and 2) monthly troll CPUE in Canadian area 27 against 
the corresponding monthly means of surface sea temperature 
and salinity at Kains Island. 


Jack returns.—We computed the regressions of 1) ocean troll 
catch in the Columbia River and Coastal Washington districts, 
2) troll CPUE in the same areas, and 3) combined Ilwaco- 
Westport sport catch in year i on Columbia River jack counts in 
year i—-1. 


Average individual weight and monthly growth.—The 
average weight of troll-caught coho salmon was estimated as the 
aggregate weight of the catch divided by the number of fish. The 
average monthly weight increments were calculated as 


October average weight — July average weight. 
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Then we compared annual troll catch, CPUE, and sport catch in 
each area with 1) the average individual weight of coho salmon 
caught there in August and 2) the average monthly weight incre- 
ment. Also calculated were regressions of monthly troll CPUE 
on monthly mean individual weight by area. 


RESULTS 


Models discussed had the highest multiple correlation coeffi- 
cients and smallest standard error of those developed. For each 
species, the principal results are summarized, then details are 
discussed in subsequent paragraphs. 


Pink Salmon 


1. Troll catch south of Cape Flattery was highly correlated with 
the level of nominal fishing effort. 

2. Troll catches in most areas were significantly correlated with 
practically all indices of brood year abundance when com- 
pared with Ricker curves. 

3. Troll catches were highly associated with average individual 
weight of pink salmon caught in terminal areas in the brood 
year. 


We found no conclusive, consistently significant correlations 
between indices of ocean fishing success and any environmental 
factor. The following equation explained 80-85% of the varia- 
tion in annual troll catch in most areas: 


InR = Ina — bS + bX + InS, 


where R was troll catch in year 7, S was net gear catch in Cana- 
dian area 20 during August through September of year /— 2, and 
X was average individual weight of pink salmon caught in the 
Fraser River in September of year ;—2. The average error of 
predicted catches from observed catches exceeded +25% in 
each area. 


Chinook Salmon 


1. Troll catches were significantly correlated with levels of 
nominal fishing effort, particularly prior to the opening of 
the coho salmon season. 

2. Total Washington ocean sport catch was highly associated 
with the number of angler trips. 

3. Annual troll catch off the central Washington coast was 
highly correlated with the releases of fall chinook salmon of 
brood year groups i—3 and i—4 by lower Columbia River 
hatcheries. 

4. Canadian troll catches in area 23 during April through May 
were significantly associated with releases of fall chinook 
salmon of brood year groups /— 3 and i—4 by lower Colum- 
bia River hatcheries. 

5. Annual Washington ocean sport catches were highly cor- 
related with Columbia River hatchery releases of fall 
chinook salmon of brood year groups i—3 and i—4. 


Levels of Effort.—Troll catches were significantly associated 
with levels of troll effort, as evidenced by the following correla- 
tion coefficients. 


Area Apr.-May June-Aug. Sept.-Oct. 
Columbia River 0.894 0.651 0.495 
Coastal Washington 0.791 0.840 0.764 
Puget Sound (Wash.) 0.888 0.749 0.696 
Areas C, 21, 23 (Can.) 0.760 0.683 0.727 
Areas 24-27 (Can.) 0.691 0.261 0.623 


The total Washington ocean sport catch was highly correlated 
with the total number of angler trips during 1964-75 (r = 0.938). 


Indices of brood year abundance.—These were of little 
predictive value. Troll catch and CPUE in most areas were 
significantly associated with Columbia River upriver fall 
escapements (combined for years /—3 and i—4) when data for 
years prior to 1962 were analyzed separately, but correlations 
were not significant when data for more recent years were in- 
cluded. 


Hatchery production.—Releases of fall chinook salmon of 
brood year groups /—3 and i—4 combined by lower Columbia 
River hatcheries explained more of the variation in troll catch, 
troll CPUE, and ocean sport catch than did any other factor. 
Although trends in fall chinook salmon releases have been 
similar for all major production areas, we have assumed that the 
Columbia River plant is the principal factor because numerous 
tag studies have clearly shown that Columbia River fall chinook 
salmon predominate in the ocean population. Figure 2 illustrates 
the relationship between troll catches off central Washington 
and Columbia River hatchery releases. Figure 3 shows the 
association between Canadian troll catches in area 23 during 
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Figure 2.—Annual commercial troll catch of chinook salmon in the Coastal 
Washington area ys. plant of fall brood year groups /—3 and {—4 combined by 
lower Columbia River hatcheries, 1963-75. 
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Figure 3.—Canadian commercial troll catch of chinook salmon in areas C, 21, and 
23 during April through May ys. plant of fall brood year groups /—3 and j— 4 com- 
bined by lower Columbia River hatcheries, 1963-75. 


April through May and Columbia River fall chinook salmon 
releases. The correlation coefficient for the regression of annual 
Washington ocean sport catch in 1964-75 on total Columbia 
River fall chinook salmon releases was 0.958. The comparison 
of actual catches with those predicted from this regression is il- 
lustrated graphically in Figure 4. 


260 


BB AcTUAL 
() PREDICTED 


240 


Average error is 6.2% 


22 


THOUSANDS OF FISH 
® 
fo) 


140 


120 


100 


64° 65° 66 — 67' 68° 69° 70! 71 ' 72' 73! 74! 75 
YEARS 


Figure 4.—Annual Washington ocean sport catch of chinook salmon, 1964-75, and 
that predicted from the regression of catch on total Columbia River hatchery 
releases of fall chinook salmon of brood year groups i—3 and i—4 combined. 
Numbers at the tops of the columns indicate percentage error. 


Previous fishing success.—Troll catch and CPUE in most 
areas were significantly correlated with 1) troll CPUE during 
September through October of year i—1 in the Coastal 
Washington district, 2) troll CPUE in Canadian areas 24-27 
during September through October of year /—1, 3) annual 
Puget Sound sport catch in year j—1, and 4) Canadian purse 
seine catches of jacks during August of year /—1 in Canadian 
area 20. The correlations with Puget Sound sport catch may be 
serial correlations, since this variable was highly correlated with 
Columbia River fall hatchery releases. Although the area 20 
purse seine catches were also highly associated with Columbia 
River hatchery releases, they may be of predictive value as an in- 
dicator of hatchery plant survival. For example, Figure 5 il- 
lustrates the relationship between early season Canadian troll 
catches and the natural log of numbers of jacks caught. Correla- 
tion coefficients for the regressions of 1) annual Washington 
ocean sport catch and 2) La Push-Neah Bay sport catch during 
April through October in 1964-75 on logs of jack catches were 
0.887 and 0.913, respectively. 
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Figure 5.—Canadian commercial troll catch of chinook salmon in areas C, 21, and 
23 during April through May vs. natural log of number of jacks in the area 20 purse 
seine catch during August of year /—1, 1963-75. 


Prediction of ocean catches.—A simple linear regression with 
lower Columbia River hatchery releases of fall chinook salmon 
of brood year groups i—3 and i—4 combined as the indepen- 
dent variable was the best predictive method. 


Coho Salmon 


1. Troll catches were significantly correlated with levels of 
nominal fishing effort. 

2. There were no significant associations between ocean sport 
catches and the number of angler trips. 

3. Troll and sport catches were significantly correlated with in- 
dices of brood year abundance of late-run Columbia River 
coho salmon in Ricker curves. 

4. Troll catches off southern and central Washington were 
significantly correlated with Columbia River jack returns 
the previous year. 

5. Ocean fishing success was not significantly correlated with 
indices of hatchery production, either in total or on an 
area-by-area basis. 


Levels of effort.—Troll catches were significantly correlated 
with levels of troll effort during 1955-75, as indicated by the cor- 
relation coefficients listed below. In contrast, we found no 
significant associations between sport catches and the number of 
angler trips. 


Area June-August 
Columbia River 0.800 
Coastal Washington 0.880 
Puget Sound (Washington) 0.603 
Areas C, 21, 23 (Canadian) 0.865 
Areas 24-27 (Canadian) 0.802 


Indices of brood year abundance.—Troll catch, troll CPUE, 
and ocean sport catch off Washington were highly correlated 
with 1) number of late-run (October-November) coho salmon 
per mile of spawning stream on the lower Columbia River and 2) 
Washington gill net CPUE in the Columbia River below Bon- 
neville Dam during October through November in year i—3. 


Hatchery production.—Troll catch, troll CPUE, and ocean 
sport catch in nearly all areas were not significantly associated 
with hatchery releases (either in total or by production area) and 
a number of the correlations were negative. 


Environmental conditions.—We found no consistently signifi- 
cant associations between ocean fishing success and any en- 
vironmental factor. The highest correlation was between troll 
catch in the Columbia River district and the index of upwelling 
off Cascade Head in April of year /— 1, and was nearly signifi- 
cant. 


Average size and growth increments.—We found no significant 
relationships between indices of fishing success and these fac- 
tors. 


Jack counts.—Troll catches off the central and southern 
Washington coast were significantly associated with Columbia 
River jack returns in the previous year. 


Prediction of ocean catches.—Most of the Washington ocean 
catch is made south of La Push. The best predictive equation 
for annual troll catch in the Columbia River district was 


In R = Ina — 0.4334S + 0.011LX, + 0.0057X, + InS (2) 
where R was troll catch in year i, S was the count of late-run 
Columbia River coho salmon per mile of spawning stream in 
year {/— 3, X, was the Columbia River jack count in year /—1, 
and X, was the index of upwelling off Cascade Head during 
April of year /—1. This multiple regression explained 89% of 
the variation in annual troll catch during 1966-75, with an 
average percentage error of the predicted catches of +15% 
(Table 6). The best model for annual troll catch in the Coastal 
Washington district was 

In R = Ina — 0.0642S + 0.0078X, + In S (3) 
where R was annual catch and S and_X, were as defined above. 
This regression also accounted for about 89% of the variation in 
troll catch during 1966-75, with an average error of about 


Table 6.—Comparison of annual coho salmon troll catches in 
the Columbia River district with those predicted from Equation (2). 


Actual catch Predicted catch Percentage 
Year (fish) (fish) error 
1966 183,731 162,500 —11.6 
1967 236,429 235,500 — 0.4 
1968 184,825 178,000 — 3.7 
1969 157,791 167,500 + 6.2 
1970 205,541 243,500 + 18.5 
197] 469,629 427,500 — 9.0 
1972 216,233 163,000 —24.6 
1973 103,715 155,000 +49.4 
1974 186,230 207,000 +11.2 
1975 159,810 131,000 — 18.0 
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Table 7.—Comparison of annual coho salmon troll catches in the 
Coastal Washington district with those predicted from Equation (3). 


Actual catch Predicted catch Percentage 
Year (fish) (fish) error 
1966 431,592 448,500 + 3.9 
1967 360,046 278,000 —22.8 
1968 377,690 461,500 +22.2 
1969 200,665 283,500 +41.3 
1970 475,657 624,000 +31.2 
1971 640,230 672,000 + 5.0 
1972 248,329 292,500 +17.8 
1973 484,833 333,500 —31.2 
1974 642,614 476,000 —25.9 
1975 453,620 395,500 —12.8 
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Figure 6.—Annual commercial catch of coho salmon in the Columbia River and 
Coastal Washington areas, 1966-75 and that predicted from Equations (2) and (3). 
Numbers at the tops of the columns indicate percentage error. 


+21% (Table 7). Figure 6 illustrates the comparison of the 
predicted catches combined for both districts with the catches 
actually reported. 


DISCUSSION 


Although ocean fishing success for pink salmon is roughly 
associated with brood year abundance of major stocks, the rela- 
tionship has little predictive value for specific ocean fishing 
areas. The relative abundance and contribution of each stock in 
such areas probably vary widely in different cycle years. Until 
stock composition in specific ocean areas is better defined, the 
predictive value of spawner-recruit models based on brood year 
abundance of specific stocks will remain limited. The rate of 
ocean exploitation is increasing and, combined with extreme 
fluctuations in cycle year abundance, makes accurate 
forecasting of ocean catches of pink salmon very difficult. 


Similar time trends in fishing effort and hatchery production, 
combined with high intercorrelations between the most useful 
independent variables, affect the reliability of ocean chinook 
salmon catch predictions based on simple regressions. The 
importance of lower Columbia River hatchery production of fall 
chinook salmon to the fishery off Washington and southwestern 
Vancouver Island is difficult to dispute, however, based on both 
mark-tag recaptures and the close association between ocean 
fishing success and this factor, as shown in this paper. Because 
there is also some association between ocean fishing success in 
year i and troll CPUE in the fall of year 7—1, length data and 
scale samples from troll-caught immature (shaker) chinook 
salmon could improve predictions of catches in the following 
year. Although there no longer is a fall commercial troll fishery 
off Washington, these data could be obtained in a test fishery. 

The lack of significant association between ocean fishing 
success for coho salmon and hatchery production, together with 
the tendency for negative correlation, is puzzling, particularly in 
view of the close association noted for fall chinook salmon. One 
explanation is the masking effect resulting from the contribution 
of several age groups to the chinook salmon fishery, whereas the 
coho salmon fishery is dependent upon a single age group. Thus 
the effect of abnormally high ocean mortality on a single year 
class of hatchery-released chinook salmon is less likely to be 
reflected in the ocean catch than is the impact of a similar 
mortality on a year class of coho salmon releases. This 
dependence on a single age group does facilitate prediction of 
ocean coho salmon catches, however, when a variable (e.g., 
upwelling or jack count) reflective of probable ocean survival is 
inciuded in the model. Although the pink salmon catch is also 
obtained from a single age group, the coho salmon catch does 
not fluctuate to the extremes observed for pink salmon. Of the 
three species considered here, coho salmon appear to offer the 
best prospect for reasonably accurate prediction of ocean catch. 
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Demersal Fish Resources of the Eastern 
Bering Sea: Spring 1976 


GARY B. SMITH and RICHARD G. BAKKALA' 


INTRODUCTION 
Purpose 


In the summer of 1975 and spring of 1976, the Northwest and 
Alaska Fisheries Center (NWAFC), National Marine Fisheries 
Service (NMFS), conducted multivessel surveys of demersal fish 
and macroinvertebrates of the continental shelf and upper con- 
tinental slope regions of the eastern Bering Sea. These resource 
assessment surveys—a part of the NMFS Marine Monitoring, As- 
sessment and Prediction program—were also in response to needs 
of the Bureau of Land Management to assess the demersal fish 


stocks of the Bering Sea and their vulnerability to oil de- | 


velopment. 

Results of the first phase trawl survey, conducted August- 
October 1975, were summarized in Pereyra et al. (19767). These 
included a review of the history of commercial fisheries in the 
eastern Bering Sea, results from previous research surveys in the 
region, the 1975 survey results for demersal fish and invertebrates, 
and summaries of the status of knowledge of commercially im- 
portant species and their stock conditions. 

The present study summarizes results of the second phase of 
the field studies—the spring 1976 demersal trawl survey. The pur- 
pose of this second survey was to describe the distributions of 
demersal fish and invertebrates at a time when they were expected 


‘Northwest and Alaska Fisheries Center, National Marine Fisheries Service, 
NOAA, 2725 Montlake Boulevard East, Seattle, WA 98112. 

*Pereyra, W. T., J. E. Reeves, and R. G. Bakkala. 1976. Demersal fish and 
shellfish resources of the eastern Bering Sea in the baseline year 1975. Unpubl. 
manuscr., 619 p. Northwest and Alaska Fisheries Center, National Marine 
Fisheries Service, NOAA, 2725 Montlake Boulevard East, Seattle, WA 98112. 
Bound copies are available on request. 


| _ ABSTRACT 


to be near the winter extreme of their seasonal, geographical 

movements. Maximum ice.cover in the southeastern Bering Sea 

generally occurs during March and April, with maximum cooling 

of the water column (Potocsky 1975; McLain and Favorite 1976). 
The objectives of this report are 


1) To describe the species composition, geographical distri- 
butions, and apparent abundance of demersal fish resources 
of the eastern Bering Sea during the survey period, April- 
June 1976; 

2) To describe characteristics of the important demersal fish 
populations that could be changed by environmental stress 
(e.g., abundance, size and age composition, growth rates, 
and body form); and 

3) To compare and explain results of the 1975 and 1976 
surveys. 


Environmental Setting 


The regional setting for the investigations was the eastern Be- 
ring Sea between lat. 54°-63 °N and from long. 180° eastward to 
the Alaska coast. The area is a unique subarctic ocean environ- 
ment because of its recent geological origin (i.e., submergence), 
partial separation from the Pacific Ocean by the Aleutian Ridge, 
unusually broad and flat continental shelf, and variable seasonal 
ice cover (Fig. 1). The area is also distinguished biologically by 
large marine mammal and seabird populations. 

The topography of the eastern Bering Sea continental shelf 
shows an extremely flat, featureless plain. The width of the con- 
tinental shelf varies from about 500 km in the southeast to over 
800 km in the north, with an average gradient of 0.24 m/km. 
Along the outer edge the continental slope is a steep, rugged, and 
deeply canyon-scarred 3,200-3,400 m declivity (Sharma 1979). 
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Figure 1.—Characteristics of the eastern Bering Sea: A) bathymetry (from Sharma 1979); B) water masses 
and circulation (from Takenouti and Ohtani 1974); C) surface sediments (from Sharma 1979). 


Water masses in the eastern Bering Sea appear to result from 
mixing of shelf and oceanic waters within apparently broad zones 
of interaction along and over the eastern continental shelf. The 
present concept of dominant long-term mean water circulation is 
an extremely slow (~1 cm/s) drift to the northwest approximately 
parallel to the bathymetry (Coachman 1979). 

Surface sediments of the eastern continental shelf are primarily 
sand or silt, although gravel and clay components may be present 
in some local areas (Sharma 1979). 


METHODS 
Survey Approach and Rationale 


For the baseline survey of 1975, the study area was divided into 
four major statistical subareas, with two subareas (3N,S and 


*Coachman, L. K. 1979. Water circulation and mixing in the southeast 
Bering Sea. Jn C. P. McRoy and J. J. Goering (editors), Progress report, 
PROBES phase I, 1977-78, p. 1-46. Institute of Marine Science, University of 
Alaska, Fairbanks, AK 99701. 


4N,S) further subdivided into southern and northern regions (Fig. 
2; Pereyra et al. see footnote 2). Trawling stations were arranged 
in a systematic grid pattern within each subarea. Subdivisions of 
the survey area and the density of stations within each subarea 
were based upon 1) the location of potential oil lease sites, 2) prior 
knowledge of the distribution patterns of principal demersal fish 
and shellfish species in the study area, and 3) hypotheses that 
some species may have separate genetically variant southern and 
northern spawning populations. Sampling density was greatest 
(one station per 647 km? (250 mi’)) in subareas 1, 2, and 3N and S 
where petroleum development activities may take place and where 
major concentrations of walleye pollock, Theragra chalcogram- 
ma; yellowfin sole, Limanda aspera; king crab, Paralithodes spp.; 
Tanner crab, Chionoecetes spp.; and other species are located. 
These subareas also contain spawning and nursery areas for many 
of the commercially important species. In subarea 4N and S, 
where the abundance of adult fish is lower than in subareas 1, 2, 
and 3N and S, but which is a nursery area for a number of 
species, sampling density was reduced to one station per 1,036 
km? (400 mi’). 
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Figure 2.—Statistical subdivisions of the study area used for the 1975 eastern Bering Sea baseline survey. 


1976 Survey Area 


For the demersal trawl survey of 1976, the same subdivisions of 
the study area, boundary lines, and station densities were used as 
in the 1975 survey, with the following changes (Fig. 3): 


1) A reduction of the northern survey coverage in subdivisions 
3N, 4N, and 4S, in anticipation that spring ice cover would 
probably block ship operations above lat. 59°-60°N; 

2) Smoothing of the outer boundary lines of subareas 1, 2, and 
3N and S; and 

3) The extension of sampling to a fifth major subarea 
(‘‘Slope’’) along the upper continental slope between the 
183-457 m (100-250 fathoms) isobaths. 


A summary of the geographical areas surveyed is given in Table 
1. The purpose of extending systematic sampling to the upper 
continental slope was to better define the importance of this 
area—in terms of changes in species composition and abun- 
dance, size, and age distributions—relative to survey areas on the 
continental shelf (depths 10-183 m). The slope subarea was sub- 
divided into northern (3 Slope) and southern (2 Slope) regions 
(Fig. 3). Samples were to be taken along 29 transects of five sta- 


tions each. Transects were located crossing the slope subarea at 
approximately 14 km intervals, usually oriented as continuations 
of the diagonal rows of grid stations located on the continental 
shelf. Along transects, stations were to be distributed at positions 
with bottom depths of ca. 183, 250, 320, 390, and 457 m. 

Other divisions of the survey area, ‘‘otolith areas,’’ were used 
for the collection and analysis of individual specimen information 
(Fig. 4). Data that were geographically identified by otolith area 
were: Age determinations derived from field-collected otoliths 
and scales, length-weight measurements, and length-maturity ob- 
servations. As explained in Pereyra et al. (see footnote 2), the 
original purpose for these separate divisions of the survey area for 
specimen data was to group statistical areas in a manner that 
would enable testing of differences in age composition, individual 
growth rates, body form, and reproductive condition between 
north and south regions. For the 1976 survey, the same distribu- 
tion of statistical subareas to otolith areas, and boundaries within 
the reduced survey area, were used as in the 1975 survey, with the 
following changes: 


1) The extension of otolith area B to include subdivision 2 
Slope, and otolith area D to include 3 Slope; and 

2) The inclusion of subdivision 3N within otolith area D, 
rather than otolith area E. 
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Figure 3.—Statistical subdivisions of the Bering Sea study area used for the 1976 spring trawi survey. 


Table 1.—Geographical areas of statistical 
subdivisions used in the Bering Sea during the 1976 
spring trawl survey (See Figure 3). 


Area Proportion 


Subarea (km?) of total area 

1 82,100 0.243 

2 62,550 0.185 

3 Subdivision 3N 6,550 0.019 

Subdivision 3S 73,020 0.216 

4 Subdivision 4N 30,960 0.092 

Subdivision 4S 72,350 0.214 

Slope Subdivision 2 Slope 7,160 0.021 

Subdivision 3 Slope 3,240 0.010 

Total survey area: ‘337,930 1.000 
The ratio of total 1976 survey coverage to 
1975 coverage was 337,930 km? = 0.685. 

493,014 km? 


Vessels, Timing of Survey, and Fishing Gear 


Vessels participating in the April-June 1976 demersal trawl 
survey were the same vessels used to conduct the 1975 baseline 


survey: the commercial stern trawlers Anna Marie and Pat San 
Marie as well as the NOAA research vessel Miller Freeman (Table 
2). Additional sampling was conducted by the NOAA research 
vessel Oregon during May-August 1976. 

Data from the NMFS Crab-Groundfish Survey (Cruise 
OR-76-02) conducted by the Oregon were used to complete and 
supplement the spring 1976 trawl survey. Intercomparisons of 
fishing power were conducted between Oregon and Pat San 
Marie, 29 May to 9 June 1976. During the period 11 June to 4 Ju- 
ly 1976, the Oregon occupied stations that completed the spring 
1976 survey grid; these data were included with those from the 
other three vessels for all analyses of the spring survey grid station 
results. Other analyses, by month, used all catch data collected by 
the Oregon during cruise OR-76-02, combined with all the catch 
data from the other vessels. in addition, all specimen data col- 
lected during the entire Oregon cruise OR-76-02 were combined 
with the specimen data from the other vessels for overall 1976 
analyses. 

The fishing gear used by Miller Freeman, Anna Marie, and Pat 
San Marie were the same as in the 1975 survey (Table 3). The trawl 
used by the Oregon had footrope and headrope lengths of ap- 
proximately 85% those of the gear used by the other vessels. 
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Figure 4.—Bering Sea ‘‘otolith’’ areas used for collection of age data and other individual specimen data during the 1976 spring trawl survey. 


Table 2.—Vessels participating in the 1976 Bering Sea demersal fish survey. 


Overall 
length Gross Horse- Survey period 
Vessel (m) tonnage power Start Finish 
Miller Freeman 65.5 1,500 2,200 1 Apr. 1976 31 May 1976 
Anna Marie 26.2 177 665 21 Apr. 1976 13 June 1976 
Pat San Marie 30.0 200 765 21 Apr. 1976 20 June 1976 
Oregon 30.4 219 600 29 May 1976 9 Aug. 1976 


Standard Procedures at Stations 


Station positions were determined by loran-C, with radar also 


used as a nearshore navigational aid. Some stations where un- 
trawlable bottom might have been encountered were first 


surveyed by an echosounder transect to establish the bottom con- 
dition and to determine a course that would provide the least 
variation in bottom depth during the tow. For most stations on 
the continental shelf where the bottom was known to be generally 
smooth sand and mud, this precaution was not taken. If the echo- 
sounder record indicated rough bottom, the vessel proceeded on 
to the next station. 


The trawl was set so that the intended station position was passed 


midway through the tow. Actual mean towing speeds for the four 
vessels were Miller Freeman, 6.3 km/h (3.4 kn); Anna Marie, 5.9 


Table 3.—Fishing gear used during the 1976 Bering Sea demersal fish survey. 


Mesh sizes Accessory gear 
Headrope Footrope Wing and Inter- Cod Cod end Door' Dandy line 
length length body mediate end liner width & length 
Vessel (m) (m) (mm) (mm) (mm) (mm) length (m) (m) 
Miller Freeman 25.3 34.1 102 89 89 32 2 iex93/0 65.8 
Anna Marie 25.3 34.1 102 89 89 32 1.8 x 2.7 49.4 
Pat San Marie 25.3 34.1 102 89 89 32 IES exXi 2a 49.4 
Oregon 21.6 28.7 102 89 89 32 1.8 x 2.7 45.7 


‘The weight of an individual door was about 1,000 kg. 


km/h (3.2 kn); Pat San Marie, 5.9 km/h (3.2 kn); and Oregon, 
3.7 km/h (2.0 kn). 

The standard duration of tows (on bottom) at all stations was 
30 min, with the exception of some 60-min tows taken during the 
comparative fishing trials between Oregon and Pat San Marie. 
The timing of each tow was started when the trawl winch brake 
was set, after having allowed the trawl to settle to the bottom. The 
end of tow was marked when the trawl winch was started to 
retrieve the net. Loran-C readings were taken at the start and end 
of each tow, and the computed distance between these two points 
was used as the best estimate of actual distance sampled. These 
distances varied significantly between vessels because of dif- 
ferences in towing speeds. Within the series of trawls taken by 
each vessel, between-tow variance in distance sampled was caused 
by varying ocean currents, winds, and bottom friction. 

Environmental data collected with each trawl sample were posi- 
tion, mean bottom depth, sea surface temperature, bottom water 
temperature, and observations of cloud cover. Seawater tempera- 
tures were measured by bucket thermometer readings and ex- 
pendable bathythermograph casts on the Miller Freeman, Anna 
Marie, and Oregon. 


Sampling 


Initial handling of the catch.—The method of processing the 
catch depended on its size. if the catch was less than approx- 
imately 1,150 kg, it was dumped directly onto a sorting table and 
completely processed. Larger catches were subsampled using the 
procedures described by Hughes (1976). 

When subsampling was required, a deck bin was lined with a 
retainer net, upon which a subsampling net was placed over ap- 
proximately one-half of the bin. The total catch or a split of the 
catch was then brought aboard, weighed with a dynamometer, 
and released into the deck bin. When the total catch had been 
weighed and loaded into the bin, the subsampling net was lifted 
and emptied onto the sorting table. The unused portion of the 
catch remaining in the deck bin was then quickly returned to the 
sea by lifting the retainer net. 


Sorting and weighing the catch.—After the catch had been 
transferred to the sorting table, it was sorted by species into wire 
bushel baskets and tubs. For catches numerically dominated by a 
single species, sets of two to three baskets were filled at the same 
time with that species, weighed, and placed on the deck in rows. 
When a large number of baskets (15-25) were required for a single 
species, only 1 basket was kept from each set of 2-3 baskets, and 
the others emptied and reused for sorting the remainder of the 
catch. While the dominant species was being sorted, other species 
were sorted into single baskets or other containers. The procedure 
of filling single or sets of baskets was repeated until the entire 
catch (or subsample) was sorted and weighed. Baskets were placed 
on deck in order of sorting, so that they could be identified as if 
they were from the top, middle, or bottom of the trawl sample. 

Most organisms occurring in the trawl samples were identified 
to species, although those that were difficult to reliably identify 
were grouped by genus or combined within a higher taxonomic 
level, Catch weights for all taxa were determined by weighing 
baskets to the nearest 0.5 kg on a 140 kg capacity platform scale. 
Numbers of individuals were determined by direct count or by ex- 
panding the number determined from a weighed subsample. 


Subsampling for biological data.—After weighing and counting, 
the catches of 11 species of principal interest were further processed 


for length-frequency and individual specimen data. These species 
were (in order of priority for data collection) 


. Walleye pollock, Theragra chalcogramma 

. Yellowfin sole, Limanda aspera 

. Rock sole, Lepidopsetta bilineata 

. Flathead sole, Hippoglossoides elassodon 

. Pacific halibut, Hippoglossus stenolepis 

. Pacific cod, Gadus macrocephalus 

. Sablefish, Anoplopoma fimbria 

. Pacific ocean perch, Sebastes alutus 

. Greenland turbot, Reinhardtius hippoglossoides 
. Arrowtooth flounder, Atheresthes stomias 

. Alaska plaice, Pleuronectes quadrituberculatus. 
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For the collection of length-frequency data, subsamples of 
50-200 individuals were randomly selected from the baskets of as 
many of the 11 fish species occurring within the trawl catch as 
time permitted. Species having highest priority were selected and 
measured first. Individuals within the subsamples were sorted by 
sex (male, female, undetermined), then the lengths within each sex 
group were recorded. Fish lengths were measured to the nearest 
centimeter either as fork lengths (FL), from the tip of the snout 
(or longest jaw) to the center of the caudal ray fork, or as total 
length (TL), from the tip of the snout to the longest extension of 
the caudal fin. The sex of small juvenile fish could not always be 
determined. 

Specimen data (descriptive observations from individual fish) 
were collected by two sampling approaches. Length-age and 
length-weight observations were collected with a selection of in- 
dividuals (samples) stratified by sex and centimeter length-size 
class. Observations of the reproductive condition of walleye 
pollock (length-maturity data) were recorded from the same ran- 
domly selected individuals used for length-frequency measure- 
ments. Each vessel was assigned a list of species and types of 
specimen data to collect from the different survey areas. 

For each species, length-age data were collected by taking 6-10 
age (skeletal) structures for each sex-centimeter length-size group, 
within each assigned otolith area. Saccular otoliths were used for 
determining the ages of all species except Pacific cod, for which 
scales were used because they showed clearer annual growth rings. 
Otoliths were stored in glass vials in 50% isopropanol. Pacific cod 
scales were stored dry in small paper envelopes. 

Length-weight determinations were made for five individuals 
within each sex-centimeter length-size group. Whole, freshly 
caught individual fish were weighed at sea to the nearest gram on 
a triple-beam balance. 


Age Determinations 


Age determinations made as a part of the present study have 
assumed that rings in otoliths and scales (zonal discontinuities) in- 
dicated annual marks. Previous studies have supported the 
hypothesis that an annual time scale can be fitted to the patterns 
of skeletal ring formation of walleye pollock (LaLanne 1975*) and 
yellowfin sole (Hatanaka 1968). Although similar analyses have 
not yet been conducted for other Bering Sea species, zonal discon- 


‘LaLanne, J. J. 1975. Age determination of walleye pollock (Theragra 
chalcogramma) from otoliths. Unpubl. manuscr., 19 p. Northwest and Alaska 
Fisheries Center, National Marine Fisheries Service, NOAA, 2725 Montlake 
Boulevard East, Seattle, WA 98112. 


tinuities were assumed to indicate annual marks. In assigning 
ages, we allocated a birthday of 1 January for all species. 

Ages were determined in the laboratory by counting apparent 
annulae in the structural pattern of whole otoliths and scales. All 
age readings were performed by trained specialists at the NWAFC 
Montlake Laboratory. Otolith rings were counted by viewing 
whole otoliths, immersed in water, with direct lighting through a 
binocular microscope at 7-10 x magnification. Scales were pre- 
pared using the methods of Kennedy (1970) and rings were 
counted with the aid of a projection viewer. 

To assess the reliability (precision) of age determinations, 789 
skeletal structures, collected during the 1976 survey from seven 
common Bering Sea fish species, were independently analyzed by 
two of the age reading specialists (Table 4). Ages of young fish 
were estimated most precisely. The age determinations of old fish 
were less reliable due to narrowing and crowding of outer rings. 


Table 4.—Summary of comparisons of ages determined by two age reading 


specialists. 
Percentage with 
Age perfect agreement 
Skeletal range Number of in age group 
Fish species structure (yr) comparisons assignment’ 
Walleye Otoliths? 1-7 87 88 
pollock 8-12 84 63 
Pacific cod Scales 2-3 58 85 
4-6 33 79 
Yellowfin Otoliths? 5-12 180 93 
sole 13-16 9 67 
Alaska Otoliths? 6-12 25 76 
plaice 13-16 11 60 
Rock sole Otoliths? 3-12 127 83 
13-14 7 71 
Flathead Otoliths? 3-12 53 83 
sole 13-15 13 70 
Greenland Otoliths? 2-6 66 85 
turbot 7-11 36 75 


‘90% of all disagreements in age group assignment differed by only 1 yr. 
*Saccular otoliths. 


Analytical Procedures 
See Table 5 for definition of symbols. 


Standardization of catches.—All trawl catches were stan- 
dardized to a basic sampling unit, the weight of catch taken per 
1.0 km trawling distance, including a scaling of each vessel’s 
fishing performance to that of the Miller Freeman: 


Wik 
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where CPUEjix is the catch per unit of effort (kg/km) for species 
k for the /th station in the th subarea; Wik is the weight of catch 
(kg), D; is the distance trawled (km) computed from the start and 
ending loran-C readings at each station, and F,, is the relative 
fishing power correction factor for vessel v in respect to species k. 

Fishing power correction factors had previously been deter- 
mined during the 1975 survey for the Anna Marie and Pat San 
Marie relative to Miller Freeman (Pereyra et al. see footnote 2). 
Because of the participation of the Oregon in the 1976 survey, ad- 
ditional comparative fishing trials were conducted in an attempt 
to intercalibrate the fishing efficiencies of all four vessels. Vessel 
correction factors used for all subsequent analyses are given in 
Table 6. 


Catch per unit of effort.—Mean CPUE by species and subarea 
was computed using the mean per unit estimate: 
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where 71; is the number of successfully trawled stations in the ith 
subarea. The variance of this estimate was: 


Table 5.—Summary of symbols used in the description of analytical procedures. 


Terms 
A Geographical area (km?) 
B_ Population weight (kg) 
C_ Coefficient of vulnerability (scalar) 


CPUE Catch per unit of fishing effort (kg/km) 
D Computed distance trawled (km) 
F Relative fishing power correction factor 
(scalar) 
K Growth completion rate (per yr) 
L Number of length categories (integer) 
coo Mean asymptotic length (cm) 
N Number of individuals within catch (integer) 
P Population number (integer) 
S Number of individuals within a standard 
sampling unit (no./km) 
VAR Statistical variance 
W Observed catch weight (kg) 
a_ Coefficient of length-weight relationship 
(g/cm?) 
6 Exponent of length-weight relationship 
(dimensionless) 
Number of samples (integer) 
Ne Number of effective degrees of freedom 
(dimensionless) 


Terms 
p_ Effective trawl path width (km) 
q Coefficient of catchability (per km) 
s Number of individuals within a subsample 
(integer) 
t Age (yr) 
ft. Hypothetical age of zero length (yr) 
w Individual weight (kg) 


Subscripts 
i Statistical subarea 
j Station 
k Species 
! Individual length class 
m_ Sex class 
7 Total survey area (= all statistical subareas 
combined) 
y Vessel 
Symbols 


— (Over a term) A mean value 
/\_ (Over a term) An estimated value 


DB Summation 


Table 6.—Fishing power correction factors for the 
vessels Anna Marie, Pat San Marie, and Oregon 
relative to Miller Freeman. 


Anna Pat San 

Species Marie Marie Oregon 
Walleye 

pollock 

(<20 cm) 0.52 0.34 0.21 
Walleye 

pollock 

(=20 cm) 0.79 0.61 0.63 
All pollock 0.75 0.57 0.35 
Rock sole 0.65 0.76 1.21 
Snow 

(Tanner) crab 0.66 0.75 2.53 
King Crab 0.70 1.05 1.63 


‘For all other species, the fishing power correc- 
tion factor for each vessel was assumed equal to 1.00. 
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The overall mean CPUE for the entire survey area (CPUE,,) was 
determined as the sum of the weighted mean CPUE values of the 
individual subareas: 
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where A, is the area of the ith subarea and Avis the total area of 
all subareas combined. 

The variance of this estimate was determined as the weighted 
sum of the individual variances of each subarea: 
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Standing stock estimates.—Estimates of population weight 
(biomass) were made using the methods described by Alverson 


and Pereyra (1969) that relate CPUE and stock density within an 
area surveyed as 


A ——, 
By = CPUEi,/ a , (6) 


where B, is the estimated standing stock weight (kg) of the kth 
species in the ith subarea, and q, is a coefficient of catchability. 
This coefficient, relating the capture efficiency of the sampling 
gear and sampling unit size, is defined: 


Gq, = C, (P/A;); (7) 


where C, is a proportionality coefficient describing the 
vulnerability of individuals of species k to be caught and retained, 


and p is the average effective path width swept. The ratio D/A; 
relates the size of individual sampling units (1.0 km in length) to 
the size of each survey subarea. 

The coefficient of vulnerability (C) can be considered to consist 
of two components: 1) C,, the efficiency of the gear to capture 
fish within the path of the trawl’s cross-sectional mouth area; and 
2) C,, the proportion of the target fish population distributed in 
the water column within the trawl’s vertical sampling path. 
Although the specific vulnerabilities of Bering Sea demersal fish 
to the sampling gear and methods used in the present study have 
not been well evaluated, all analyses of this study have assumed 
100% capture efficiency (C = 1.00). 

The average effective horizontal spread (p) of the modified 
eastern trawl used by the reference vessel Miller Freeman was 
estimated by diving observations to be 0.017 km (Pereyra et al. see 
footnote 2). Other studies of eastern trawl performance have esti- 
mated the vertical opening to average approximately 2.3 m, witha 
range of 1.9-2.7 m (Wathne 1977). 

The biomass of species k within subarea 7 was then estimated by 
the expansion: 


B, = (4) ° CPUEx, 8) 
having a variance of 


VAR By = (#) ° VAR CPUE\. - (9) 
Confidence intervals for biomass estimates were computed as 
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where the number of effective degrees of freedom (n,) was 
determined according to Cochran (1977), equation 5.16: 
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N, equals the total number of sampling units in the ith subarea [= 
A,/ (p° 1.0 km)], and n; equals the number of stations in subarea 
i. The biomass estimate for a given species or taxonomic group 
and its variance for the total survey area were obtained by sum- 
ming the subarea biomasses and variances, respectively: 
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Population numbers.—Because the numbers of fish caught 
during each trawl were not always recorded, estimates of the 
number of individuals within each subarea were usually obtained 
by dividing the estimated popuation weight by the mean weight 
per individual: 


A 
aS = (15) 


where B, is the estimated number of individuals of species & in 
subarea / available to the sampling gear. Depending on the avail- 
ability of data for each species and subarea, the mean weight per 
individual (#,,.) was computed by either of two methods. 


Method 1. Where length-frequency data were available from 
most stations ( >50% of total) and the relationship between the 
length and weight of individuals (w = a - 12) within each subarea 
had been determined, then mean weight at each station with 
length-frequency data was computed: 
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where s;,,, is the number of individuals of species k of length / 
within each length-frequency subsample, w,,, is the calculated 
weight (from the length-weight relationship) of individuals of 
length /, and L is the number of size categories recorded. The 
number of individuals caught per standard sampling unit (1.0 km) 
at each station with length-frequency data was then estimated as 


A CPUE i, 
Spa SS (17) 
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The overall mean weight per individual within each subarea was 
then calculated: 


= (18) 


where 7, indicates the number of stations in subarea / with length- 
frequency data available for species k. 


Method 2. Where length-frequency data and/or length- 
weight relationships were not available, the overall mean weight 
per individual within each subarea was calculated from stations at 
which the number of individuals had been reliably determined: 
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where W indicates observed catch weight, N is the number of 
individuals within each catch, and n, is the number of stations 
with determinations of numbers of individuals. 


With both methods, estimates of population numbers for the 
entire survey area were the sum of the population estimates for 
the individual subareas. 


Population size composition.—For species for which length- 
frequency data had been collected, estimates of the numbers of 
individuals (available to the trawl) of each sex within 1 cm size 
classes were made by proportioning the total population estimate 
for each subarea by the overall fraction of each size class within all 
length-frequency observations. 

At each station with accompanying length-frequency data, the 
number of individuals (samples) within each sex and centimeter 
size class was estimated by expanding the length-frequency sub- 
sample to the total catch (per standard sampling unit): 
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where Sijktm is the number of individuals within the length- 
frequency subsample of species k at the /th station of subarea i for 
iength / and sex m, and L is the number of size classes 
represented. 

The number of individuals (population) within sex and cen- 


timeter size classes for each statistical subarea was then estimated: 
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where B., was determined from Equation (15), and 7; indicates 
the number of length-frequency samples. 

The overall size composition of populations within the total 
survey area was determined by summing the estimated numbers 


for each sex and centimeter size class over all possible statistical 
subareas. 


Length-weight relationships.—Determinations of length- 
weight relationships were made to enable estimates of population 
numbers using Method 1 (Equations (15)-(18)), and to compare 
the body form and condition (weight-at-length) of individuals be- 
tween sexes and geographical areas. 

The basic relationship between the length and weight of in- 
dividuals of fish species k can be described by the power function 
(Ricker 1975): 


weight = a: (length)?, or (22) 


log (weight) = log (a) + 5 [log (length) ]. (23) 


Length and weight data for each species were pooled in different 
combinations (cases) of otolith areas (geographical areas of collec- 
tion) and sex. For each case, the length (cm) and weight (g) data 
were first transformed by taking logarithms (base 10). The data 
were then fitted to a straight line (Equation (23)) by a regression 
of “‘log(weight)’’ on ‘“‘log(length),’’ and the values of a and } were 
determined. The least squares method of linear regression was 
used (Dixon and Massey 1969). 

Analysis of covariance was used to evaluate the extent of differ- 
ences between the length-weight relationships shown by data 
within the different test cases. The question asked by this analysis 
was, ‘‘For each fish species, did the relationship between length 
and weight significantly vary between sexes and between different 
geographical areas of the Bering Sea?”’ 

The purpose of analysis of covariance was to 1) test whether 
one regression line could be used for each pooling of observations 
(case), if the slopes (b) of the regression lines within individual 
data sets were the same, and 2) test if the individual data sets had 
common adjusted mean values (Dixon and Massey 1969). 

Analyses of covariance were performed on the same logarithmic- 
transformed length and weight data as used in the linear regres- 
sion analyses. 


Age composition and growth.—The age-frequency distribu- 
tions of populations vulnerable to the trawl were estimated by 
proportioning the computed population length-frequency distri- 
butions to ages using age-length keys (Ricker 1975). For each case, 
length-age data were selected by species, sex, and area of coilec- 
tion (otolith area, Fig. 4) to construct a rectangular array (age- 
length key) of the number of observations at each age (column) 
and length (row). The estimated number of individuals within the 
population at each length (Pjz;,, of Equation (21)) was then pro- 
portioned to age groups (years) based upon the percentage of each 
age, among fish of the same length (i.e., row), within the array of 
actual length-age observations. 

The selection of data for age-length keys. was based on two 
principal considerations: 1) Data were selected for the same, or 
closely neighboring, geographical area as that of the length- 
frequency distribution; and 2) data were pooled between areas, 
when necessary, to provide adequate representation of length 
classes. 

The proportion of females was determined for each age group 
following the estimations of age-frequency distributions. 

Population growth characteristics were described by compar- 
ing the mean lengths of age groups within the expanded length- 
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age array consisting of the estimated number of individuals in the 
population (vulnerable to the trawl) at each length and age. For 
each pooling of data by species, sex, and geographical area, a 
decaying exponential growth curve (von Bertalanffy 1938) was fit- 
ted to the vector of mean-lengths-at-age: 


L=Leo(1—e~ X(t— bo), (24) 


where /, is the length (cm) of individuals at time ¢ (year). L,, isa 
mean asymptotic length (cm), K is a constant describing growth 
completion rate (per year), and fo is the hypothetical age (year) of 
zero length. The method of Fabens (1965) was used for the 
mathematical fitting of each growth curve, involving an iterative 
least squares approximation of K and L ,. 

Two von Bertalanffy growth curves were fitted to each set of 
data. The first curve was fitted using the complete and unaltered 
vector of mean-lengths-at-age of all age groups represented within 
the data set. The second curve was fitted to an adjusted vector 
from which mean-lengths-at-age based upon <10 length-age 
determinations were excluded, and an artificial data point (0,0) 
was added. In nearly all cases, the second curve fitting to the ad- 
justed data resulted in a substantial reduction of the mean 
square deviation of sample points from the regression line in the 
approximation of K and L,,, and was considered the ‘‘best’’ 
description of growth characteristics. 


Reproductive condition.—The reproductive condition of the 
population of walleye pollock within the survey area (and 
vulnerable to the trawl) was assessed using the same computa- 
tional procedures as the estimation of age-frequency distributions. 
Observations of gonad condition were made on individuals col- 
lected as subsamples of the length-frequency samples within 
otolith areas A, B, and D (Fig. 4). The reproductive condition 
(maturity stage) of each individual was coded on a scale of 1 to 5 
(Table 7) based upon the visual appearance of the gonads (Holden 
and Raitt 1974). For each sex, the length-maturity observations 
were then organized into a rectangular array (length-maturity key) 
of the numbers of observations at each length (rows) and stage of 
gonad condition (column). The estimated number of individuals 
within the population at each length (P,,,,,, of Equation (21)) was 
then proportioned to stages of reproductive condition based upon 
the percentage of each stage, among fish of the same length (i.e., 
row), within the array of actual length-maturity observations. 


Table 7.—The five-point scale fer stages of gonad condition applied to walleye 
pollock during the April-June 1976 Bering Sea survey. 


Gonad 
Code condition Description 

1] Immature Sexual organs very small, situated close to 
vertebral column; ovaries pink or translu- 
cent; testes translucent with slight leafing. 

2 Developing Ovaries small to about one-half length of ven- 
tral cavity; transparent and/or opaque ova 
visible to naked eye; testes with increased 
leafing and swelling. 

3 Spawning Roe and milt run under slight pressure. 

4 Spent Ovaries and testes flaccid and empty; ovaries 
may contain remnants of disintegrating 
ova; testes bloodshot. 

5 Inactive Adults with gonads firm, shaped, and empty. 


RESULTS 
Sampling 


A total of 683 trawls was taken during the 5 mo of combined 
surveys (Table 8); 497 trawls were taken by the Miller Freeman, 
Anna Marie, and Pat San Marie during April-June; 186 trawls 
were taken by the Oregon for the 1976 Crab-Groundfish Survey 
during May-August. Of the total 683 trawls, 19 were unsuccessful. 

Sampling activities were significantly influenced by the extreme 
southerly distribution of sea ice in the eastern Bering Sea during 
the winter of 1975-76. Pack ice limits during April-June 1976 were 
at an extreme southern latitude compared to positions of the 
pack edge in the same months, 1954-70 (Potocsky 1975). Late 
pack ice breakup during spring 1976 also caused some delay in 
survey coverage. 

During April 1976 pack ice extended south to approximately 
lat. 56°N, enclosing the Pribilof Islands and Port Moller. Trawl- 
ing during April was restricted to stations north and northwest of 
Unimak Island in deep water (Fig. 5). During May-June, the 
areas of sampling progressed north and northeast, following the 
open water exposed by pack ice recession (Fig. 6, 7). Subsequent 
sampling during July-August was conducted along the outer 
continental shelf north of Unimak Island to complete the Crab- 
Groundfish Survey (Fig. 8, 9). 

The 664 successful trawls were assigned to three categories: 1) 
435 grid stations that satisfied requirements for even spacing of 
sampling locations within subareas, to be used for estimates of 
population abundance; 2) 44 additional stations that were taken 
at opportunities independent of the station grid, to supplement 
the grid stations for distributional analyses; and 3) 185 other 
trawls that included Crab-Groundfish Survey stations and 60 
comparative trawls used only for vessel intercalibration and 
specimen data collections. 

Catches during the spring survey were usually <3,300 
kg/trawl, but on a few occasions when large concentrations of 
yellowfin sole were encountered they ranged from 5,300 to 23,000 
kg/trawl. Of the 664 successful hauls taken by the four vessels, 
only 177 (17.6%) were subsampled rather than completely pro- 
cessed (Table 9). 


All subdivisions of the study area were sampled in the planned 
station pattern, with the following exception: Because of rough 


bottom encountered in the slope subareas, particularly in subdivi- 
sion 3 Slope, only 14 of the 29 intended station transects were 
completed. A total of 51 successful trawls were taken in the slope 
subareas. 


Distribution of Temperature 


Because sea surface and bottom water temperature distribu- 
tions changed relatively rapidly during spring warming, it was 
necessary to summarize the temperature data by individual months. 
Unfortunately, temperature measurements were not taken at each 
trawling station, and the percentage of stations with temperature 
data (compared to the total number of trawls taken during each 
month) were April, 65%; May, 40%; and June, 55%. Within 
each month, the geographical areas for which temperature data 
had been collected were, in some regions, extremely disjunct. 

During April, surface temperatures in the area surveyed (Fig. 
10) ranged from —1.1° to +3.9°C, with a gradient of pro- 
gressively decreasing temperature from the outer to inner con- 
tinental shelf. Subzero surface temperatures prevailed to the east 
and northeast near the pack ice edge, extending as far south as lat. 
55°10'N. Bottom water temperatures ranged from —0.5° to 
+5.7°C and also showed progressive cooling towards the inner 
shelf. Relatively warm bottom water (+3.0°to +5.7°C) occurred 
in the southern region of the study area between water depths of 
ca. 130-360 m. 

In May, as the survey progressed north and northeast following 
recession of the pack ice, relatively cold (—1.7° to +2.0°C) sur- 
face and bottom water occurred throughout all of the eastern Be- 
ring Sea continental shelf inside of approximately the 120 m 
isobath (Fig. 11). Surface temperatures ranged from —1.4° to 
+4.0°C. Bottom water temperatures ranged from —1.7° to 
+6.8°C. As in April, warmest water temperatures were found 
along the outer edge of the continental shelf. 

By June, both surface and bottom water had warmed in the in- 
ner Bristol Bay shallows east of long. 162°-164°W (Fig. 12). 
Overall, surface temperatures ranged from 0.0° to +6.6°C, with 
a broad region of relatively warm water (+3° to +6°C) in cen- 
tral Bristol Bay. Bottom water temperatures were also warmest 
(+2°to +5°C) along the north shore of Bristol Bay, progressive- 
ly cooling towards apparently residual cold (—1.2° to —0.3°C) 
water remaining in the central shelf region. 


Table 8.—Summary of sampling activities during the 1976 Bering Sea surveys. 


Trawls included’ Additional 
in spring 1976 Other unsuccessful 
Survey Months station pattern trawls* trawls Total 
1976 spring trawl survey April 112 (106) 6 7 125 
(Vessels Miller Freeman, 
Anna Marie, and Pat May 231 (195) 17 9 257 
San Marie) June 93 (91) 20 2 U5 
Subtotal 436° (392) 43 18 497 
1976 crab-groundfish 
survey May 0 ( 0) 14 0 14 
(Vessel Oregon) June 30 ( 30) 47 0 77 
July 3 ( 13) 48 1 62 
August 0 ( 0) 33 0 aa3) 
Subtotal 43 ( 43) 142 nie 1e6 
Total 479 (435) 185 1 683 


Numbers without parentheses indicate total number of trawls. Numbers in parentheses indicate the 
subset of grid stations used for biomass and population analyses. 
*Includes 60 comparative trawls between Oregon and Pat San Marie. 
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Figure 6.—Location of successful trawling stations in the Bering Sea during May 1976. 
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Figure 7.—Location of successful trawling stations in the Bering Sea during June 1976. 
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Figure 8.—Location of successful trawling stations in the Bering Sea during July 1976. 
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Figure 9.—Location of successful trawling stations in the Bering Sea during August 1976. 


Table 9.—Summary of subsampling for processing successful trawl 
catches during the 1976 Bering Sea surveys. 
Cumulative proportion 


Percentage of catch Number of 


processed trawl samples of total number 
100 547 0.824 
90-99 0 0.824 
80-89 0 0.824 
70-79 0 0.824 
60-69 5 0.831 
50-59 8 0.843 
4049 19 0.872 
30-39 25 0.910 
20-29 28 0.952 
10-19 24 0.988 
<10 8 1.000 
Total 664 1.006 


General Distributions of Faunal Abundance 


Sampling biases.—Two approaches have been used to describe 
the distributions and abundances of species during the 1976 spring 
trawl survey. For most summaries of the data, an assumption has 
been made that the target populations maintained stationary geo- 
graphical distributions throughout the 3-mo duration of the 
survey. However, because some species populations were ap- 
parently undergoing relatively rapid, long-distance (100-300 km) 
migrations between different regions of the study area, other sum- 
maries of the data are presented by individual months. 

Measures of abundance during the survey were apparently af- 
fected by two major sources of error: The progression of the 


survey following the dispersal of some populations from deep to 
shallow waters (particularly yellowfin sole and Alaska plaice), 
with repeated sampling of high fish densities; and possible 
seasonal variations in the vulnerability of some populations (most 
notably walleye pollock) to the trawl. 

The effects of migration apparently influenced substantial 
overestimates of true population (primarily flounder) abundance 
within the study area. These biases were caused by exceptionally 
high flounder densities following the recession of the pack ice 
edge into Bristol Bay during April-May. Although estimates of 
yellowfin sole and Alaska plaice abundance were apparently most 
severely biased, the overall estimates for other migrating fish 
species may also have been affected. 

Seasonally varying vulnerability to the trawl may have caused 
substantial underestimates of true walleye pollock abundance 
within the survey area. In particular, changes in the vertical 
distribution of walleye pollock within the water column may have 
caused a varying (but perhaps sometimes large) proportion to be 
missed by the bottom trawl. Spring spawning behavior of walleye 
pollock is reported to include schooling of large individuals high 
in the water column (Serobaba 1974). 


Overall catches.—A total of 78 fish species distributed among 
22 families was recorded from the 435 trawl samples used for pop- 
ulation analyses (Table 10). In general, overall trawl catch rates 
were highest north and northeast of Unimak Island, along the 
Alaska Peninsula, and east of the Pribilof Islands (Fig. 13). The 
overall observed abundance of major taxonomic groups are sum- 
marized in Table 11 and expanded to apparent biomasses in Table 
12. Fish accounted for approximately 73% of the mean total 
catch, and invertebrates 27%. 
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Figure 10.—Distribution of water temperatures observed in the Bering Sea during April 1976: A) sea surface; B) bottom. 
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Figure 11.—Distribution of water temperatures observed in the Bering Sea during May 1976: A) sea surface; B) bottom. 
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Figure 12.—Distribution of water temperatures observed in the Bering Sea during June 1976: A) sea surface; B) bottom. 
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Taxon 


Petromyzontidae 

Lampetra spp. 
Squalidae 

Squalus acanthias 
Rajidae 

Raja spp. 
Clupeidae 

Clupea harengus pallasi 
Salmonidae 

Oncorhynchus tshawytscha 
Osmeridae 

Mallotus villosus 

Osmerus mordax? 

Thaleichthys pacificus 
Gadidae 

Boreogadus saida 

Eleginus gracilis 

Gadus macrocephalus* 

Theragra chalcogramma 
Zoarcidae 

Lycodapus parviceps* 

Lycodes brevipes 

L. diapterus 

L. palearis 

L. polaris’ 

L. turner?’ 
Macrouridae 

Coryphaenoides spp. 
Scorpaenidae 

Sebastes aleutianus 

S. alutus 

Sebastolobus alascanus 
Hexagrammidae 

Hexagrammos Stelleri 

Pleurogrammus monopterygius 
Anoplopomatidae 

Anoplopoma fimbria 
Cottidae 

Blepsias bilobus 

Dasycottus setiger 

Gymnocanthus galeatus 

G. pistilliger 

G. triscuspis* 

Hemilepidotus hemilepidotus 

H. jordani 

Hemitripterus bolin? 

Icelus scutiger’ 

I. spiniger 


Common name 


‘Lamprey 

Spiny dogfish 
Skate 

Pacific herring 
Chinook salmon 


Capelin 
Rainbow smelt 
Eulachon 


Arctic cod 
Saffron cod 
Pacific cod 
Walleye pollock 


Eelpout 

Shortfin eelpout 
Black eelpout 
Wattled eelpout 
Canadian eelpout 
Polar eelpout 


Rattail 


Rougheye rockfish 
Pacific ocean perch 
Shortspine thornyhead 


Whitespotted greenling 
Atka mackerel 


Sablefish 


Crested sculpin 
Spinyhead sculpin 
Armorhead sculpin 
Threaded sculpin 
Arctic staghorn sculpin 
Red Irish lord 

Yellow Irish lord 
Bigmouth sculpin 
Sculpin 

Thorny sculpin 


‘Nomenclature from Quast and Hall (1972), unless otherwise noted. 
?Nomenclature from Bailey (1970). 

‘Uncertain identification. 

“Market name. 


Fish catches.—During April and May, extremely high catch 
rates of fish (primarily yellowfin sole, up to 6,803 kg/km trawled) 
were taken along the edge of the receding pack ice north and north- 
east of Unimak Island (Fig. 14). Relatively high catch rates of 
walleye pollock and Pacific cod were also observed along the 
outer edge of the continental shelf and slope. 


Gadidae (codfish).—Gadids were represented by four species, 
of which walleye pollock and Pacific cod accounted for 86.8% 
and 13.1% of the overall total gadid catch. Arctic cod, 
Boreogadus saida, and saffron cod, Eleginus gracilis, were also 
taken in northern regions of the study area. Both walleye pollock 
and Pacific cod showed broad distributional patterns, with 
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Table 10.—List of fish collected in the Bering Sea during the 1976 spring trawl survey’. 


Taxon 


Malacocottus kincaidi 
Melletes papilio* 


Myoxocephalus polyacanthocephalus 


M. scorpius* 
Triglops macellus* 
T. pingeli 
T. scepticus 
Agonidae 
Agonus acipenserinus* 
Anoplagonus inermis 
Bathyagonus nigripinnis 
Pallasina barbata’ 
Sarritor frenatus 
Cyclopteridae 
Aptocyclus ventricosus 
Careproctus abbreviatus* 
C. gilberti? 
C. melanurus 
C. rastrinus 
Eumicrotremus orbis 
Liparis denny?’ 
Trichodontidae 
Trichodon trichodon 
Bathymasteridae 
Bathymaster signatus 
Anarhichadidae 
Anarhichas orientalis’ 
Anarrhichthys ocellatus 
Stichaeidae 
Leptoclinus maculatus* 
Lumpenus sagitta 
Cryptacanthodidae 
Delolepis gigantea * 
Ammodytidae 
Ammodytes hexapterus 
Pleuronectidae 
Atheresthes stomias 
Glyptocephalus zachirus 
Hippoglossoides elassodon 
H. robustus 
Hippoglossus stenolepis 
Lepidopsetta bilineata 
Limanda aspera 
L. proboscidea 
Microstomus pacificus 
Platichthys stellatus 
Pleuronectes quadrituberculatus 
Reinhardtius hippoglossoides 


Common name 


Blackfin sculpin 
Butterfly sculpin 
Great sculpin 
Shorthorn sculpin 
Roughspine sculpin 
Ribbed sculpin 
Spectacled triglops 


Sturgeon poacher 
Smooth alligatorfish 
Blackfin poacher 
Tubenose poacher 
Sawback poacher 


Smooth lumpsucker 
Snailfish 

Smalldisk snailfish 
Blacktail snailfish 

Pink snailfish 

Pacific spiny lumpsucker 
Marbled snailfish 


Pacific sandfish 


Searcher 
Bering wolffish 
Wolf-eel 


Daubed shanny 
Snake prickleback 


Giant wrymouth 
Pacific sand lance 


Arrowtooth flounder 
Rex sole 

Flathead sole 
Bering flounder 
Pacific halibut 
Rock sole 
Yellowfin sole 
Longhead dab 
Dover sole 

Starry flounder 
Alaska plaice 
Greenland turbot* 


highest catch rates occurring along the outer continental shelf and 
slope. 


Pleuronectidae (flatfish).—Twelve pleuronectid species were 
taken during the survey, accounting for 49.3% of the overall 
mean total catch (by weight, Table 11). Yellowfin sole and Alaska 
plaice were most abundant, with high concentrations apparently 
following the recession of pack ice along the Alaska Peninsula in- 
to Bristol Bay (Fig. 15). Rock sole and flathead sole were 
moderately abundant along the outer continental shelf. 


Cottidae (sculpins).—Cottids were observed to be diverse and 
relatively abundant during the survey, with 17 species being ten- 


Table 11.—Summary of average catch per unit fishing effort of major taxonomic groups in the Bering Sea, 1976 spring trawl survey.’ 


Mean CPUE 
fomtoral Lseeeiatrn Mean CPUE by subarea (kg/km)? Proportion of total catch by subarea’ 
survey area of total 

Taxa (kg/km) catch 1 2 3 4 Slope 1 2 3 4 Slope 
Gadidae (39.16) 0.137 3.0 (136.7) (41.1) 1.3 (99.4) 0.007 0.305 0.277 0.006 0.445 
Pleuronectidae (141.41) 0.493 (283.7) (205.2) 34.2 (79.6) 68.0 0.687 0.458 0.230 0.396 0.304 
Cottidae 18.12 0.063 27.4 22.3 6.2 18.8 4.0 0.066 0.050 0.042 0.094 0.018 
Zoarcidae 1.90 0.007 0.1 23} 4.7 0.4 1.2 <0.001 0.007 0.032 0.002 0.005 
Rajidae 1.31 0.005 _— 2 1.8 tr 13.6 _— 0.006 0.012 < 0.001 0.061 
Agonidae 3.01 0.011 5:5 2.6 0.4 3.6 0.1 0.013 0.006 0.003 0.018  < 0.001 
Other fish 3.57 0.012 4.3 2.0 4.6 2] 8.4 0.010 0.004 0.031 0.013 0.038 
Total fish (208.48) 0.727 (324.0) (374.6) (93.0) (106.4) (194.7) 0.784 0.836 0.626 0.530 0.871 
Porifera 1.94 0.007 6.1 1.4 0.1 0.6 0.1 0.015 0.003 < 0.001 0.003 < 0.001 
Coelenterata 2.45 0.009 3.8 2 7a | 1.5 1.6 0.009 0.006 0.014 0.007 0.007 
Mollusca 4.48 0.016 2.6 2.8 529) 3:9 4.8 0.006 0.006 0.040 0.029 0.021 
Gastropoda 4.14 0.014 2.4 2.2 Sui 5.7 1.5 0.006 0.005 0.038 0.028 0.007 
Pelecypoda 0.07 <0.001 0.1 tr tr 0.1 tr <0.001 <0.001 <0.001 <0.001 < 0.001 
Cephalopoda 0.27 <0.001 tr 0.6 0.2 tr 3.3 <0.001 0.001 0.001 < 0.001 0.015 
Crustacea 48.66 0.170 45.4 61.3 38.8 54.8 132, 0.110 0.137 0.261 0.273 0.059 
Total crabs 48.51 0.169 45.3 61.1 38.5 54.7 12.5 0.110 0.136 0.259 0.272 0.056 
Chionoecetes spp. 38.78 0.135 24.4 50.7 32.4 50.6 11.8 0.059 0.113 0.218 0.252 0.053 
Paralithodes spp. 6.62 0.023 17.4 9.0 2.4 0.5 0.1 0.042 0.020 0.016 0.002 < 0.001 
Total shrimp 0.11 <0.001 tr 0.1 0.3 tr 0.7 <0.001 <0.001 0.002 < 0.001 0.003 
Other crustacea 0.04 <0.001 0.1 0.1 tr 0.1 tr <0.001 <0.001 < 0.001 < 0.001 < 0.001 
Echinodermata 16.60 0.058 25.7 4.9 8.2 23.6 9.1 0.062 0.011 0.055 0.117 0.041 
Asteroidea 13.14 0.046 23.0 0.9 2.4 2241 23 0.056 0.002 0.016 0.110 0.010 
Echinoidea 0.28 <0.001 0.9 0.2 tr tr 0.2 0.002 <0.001 < 0.001 < 0.001 0.001 
Ophiuroidea 2.68 0.009 0.6 3.8 5.8 1.5 0.6 0.001 0.008 0.039 0.007 0.003 
Holothuroidea 0.51 0.002 1.3 tr tr 0.1 5.9 0.003 <0.001 < 0.001 < 0.001 0.026 
Ascidiacea 3.00 0.010 582 tr tr Si tr 0.013 <0.001 < 0.001 0.028 < 0.001 
Other invertebrates 1.00 0.003 0.4 0.2 0.5 2.4 tr 0.001 <0.001 0.003 0.012 < 0.001 
Total invertebrates 78.13 0.273 89.2 73.3 55.6 94.5 28.8 0.216 0.164 0.374 0.470 0.129 
Total catch (286.61) 1.000 (413.2) (447.9) (148.6) (200.9) (223.5) 1.000 1.000 1.000 1.000 1.000 


' Parentheses indicate estimates of questionable accuracy due to potential sampling problems. 


2 tr = CPUE <0.05 kg/km. 
> See Figure 3. 


tatively identified. In general, sculpins were ubiquitous through- 
out the entire survey area, at moderate levels of abundance (Table 
11, Fig. 16). Catches of sculpins were highest in central regions of 
the continental shelf, ranging up to 450 kg/km trawled. 


Zoarcidae (eelpouts). —Zoarcids were relatively rare, with six 
tentatively identified species representing only 0.7% of the overall 
mean total catch (Table 11). The distribution of eelpouts was 
essentially restricted to the outer continental shelf (depths >75 
m), with regions of high apparent density northwest and southeast 
of the Pribilof Islands (Fig. 17). 


Rajidae (skates). —Five species of skates were tentatively iden- 
tified during the survey, although the reliability of identifications 
was questionable due to the poor taxonomic descriptions available 
for Bering Sea rajids. The distribution of skates was restricted to 
the outer continental shelf and slope, with occurrences primarily 
at bottom depths > 100 m (Fig. 18). Abundances were highest in 
the slope subarea with catch rates ranging up to 156 kg/km, 
although relatively low throughout most of the observed range 
(Table 11). 


Agonidae (poachers). —Agonids occurred throughout most of 
the study area (Fig. 19), with highest apparent abundance in 
subareas 1, 2, and 4N and S (Table 11). Five species were ten- 
tatively identified, with the sturgeon poacher, Agonus 
acipenserinus, accounting for 77% of the overall total agonid 
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catch. Although the overall average abundance of poachers was 
relatively low, individual catches ranged up to 201 kg/km trawled. 


Invertebrate catches. —Invertebrates accounted for 27% of the 
weight of the overall mean total catch, with highest abundance 
being observed in subareas 1, 2, and 4N and S (Table 11). In 
general, invertebrate abundance was highest directly east of the 
Pribilof Islands, and north of Unimak Island (Fig. 20). A total of 
169 invertebrate taxa were recorded during the survey. Five prin- 
cipal invertebrate groups accounted for 74.9% of the overall total 
invertebrate catch (by weight): Chionoecetes opilio (snow crab, 
36.5%); asteroids (starfish, 16.8%); C. bairdi (snow crab, 9.3%); 
Paralithodes camtschatica (red king crab, 7.2%); and gastropods 
(snails, 5.1%). 

Twenty-seven species of snails were identified during the 
survey. Highest abundance was observed in subareas 3 and 4 
along the central shelf (Table 11, Fig. 21). 


Relative Importance of Individual Species 


Frequency of occurrence.—Occurrences of the 20 most com- 
mon fish taxa are summarized in Table 13. Only 14 fish taxa oc- 
curred in more than 130 (30%) of the 435 grid station trawls; 19 
fish taxa occurred only once. The percentage of occurrences of 
individual species varied considerably between geographical sub- 
divisions of the study area, reflecting differences in distributional 
range and density distribution. 


Table 12.—Summary of apparent biomasses of major taxonomic groups in the Bering Sea, 1976 spring trawl survey.' 


Estimated 5 5 
ose Bronartion ; Proportion of total estimated 
2,3 
rorell guinea of total Estimated biomass by subarea (t)?’ biomass by taxa 
Taxa area (t) biomass 1 2 3 4 Slope 1 2 3 4 Slope 
Gadidae (778,386) 0.137 14,488 (502,974) (192,348) 7,899 (60,813) 0.019 0.646 0.247 0.010 0.078 
Pleuronectidae (2,810,815) 0.493 (1,370,101) (755,013) 169,056 (483,689) 41,602 0.488 0.269 0.057 0.172 0.015 
Cottidae 360,172 0.063 132,326 82,051 29,016 114,238 2,447 0.367 0.228 0.081 0.317 0.007 
Zoarcidae 37,766 0.007 483 12,142 21,996 2,431 734 0.013 0.321 0.582 0.064 0.019 
Rajidae 26,039 0.005 _ 9,198 8,424 122 8,320 _— 0.353 0.323 0.005 0.319 
Agonidae 59,830 0.011 26,562 9,566 1,872 21,875 61 0.443 0.160 0.031 0.365 0.001 
Other fish 70,961 0.012 20,766 7,359 21,528 16,407 §,139 0.292 0.103 0.302 0.230 0.072 
Total fish (4,143,969) 0.727 (1,564,726) (1,378,303) (435,240) (646,540) (119,117) 0.378 0.333 0.105 0.156 0.029 
Porifera 38,561 0.007 29,459 5,151 468 3,646 61 0.760 0.133 0.012 0.094 0.002 
Coelenterata 48,699 0.009 18,352 9,934 9,828 9,115 979 0.381 0.206 0.204 0.189 0.020 
Mollusca 89,049 0.016 12,556 10,302 27,612 35,851 2,937 0.141 0.115 0.309 0.402 0.033 
Gastropoda 82,291 0.014 11,591 8,095 26,676 34,636 918 0.141 0.099 0.326 0.423 0.011 
Pelecypoda 1,391 <0.001 483 37 47 608 1 0.411 0.031 0.040 0.517 <0.001 
Cephalopoda 5,367 <0.001 2 2,208 936 18 2,019 <0.001 0.426 0.181 0.003 0.390 
Crustacea 967,218 0.170 219,255 225,547 181,584 332,992 8,076 0.227 0.233 0.188 0.344 0.008 
Total crabs 964,236 0.169 218,772 224,811 180,180 332,385 7,648 0.227 0.233 0.187 0.345 0.008 
Chionoecetes spp. 770,832 0.135 117,837 186,546 151,632 307,471 7,219 0.153 0.242 0.197 0.399 0.009 
Paralithodes spp. 131,586 0.023 84,032 33,115 11,232 3,038 61 0.639 0.252 0.085 0.023 <0.001 
Total shrimp 2,186 <0.001 89 368 1,404 36 428 0.038 0.158 0.604 0.015 0.184 
Other crustacea 795 <0.001 483 368 — 608 — 0.331 0.252 — 0.417 — 
Echinodermata 329,959 0.058 124,116 18,029 38,376 143,405 5,567 0.377 0.055 0.116 0.435 0.017 
Asteroidea 261,185 0.046 111,076 3,311 11,232 134,291 1,407 0.425 0.013 0.043 0.514 0.005 
Echinoidea 5,566 <0.001 4,346 736 187 aa 122 0.806 0.137 0.035 — 0.023 
Ophiuroidea 53,271 0.009 2,898 13,982 27,144 9,115 367 0.054 0.261 0.507 0.170 0.007 
Holothuroidea 10,137 0.002 6,278 11 9 608 3,610 0.597 0.001 <0.001 0.058 0.343 
Ascidiacea 59,631 0.010 25,113 11 140 34,636 1 0.419 <0.001 0.002 0.578 <0.001 
Other invertebrates 19,877 0.003 1,932 736 2,340 14,584 — 0.099 0.038 0.119 0.744 — 
Total invertebrates _ 1,552,995 0.273 430,782 269,700 260,208 574,229 17,620 0.277 0.174 0.168 0.370 0.011 
Total catch (5,696,964) 1.000 (1,995,508) (1,648,003) (695,448) (1,220,769) (136,737) 0.350 0.289 0.122 0.214 0.024 
Geographical area 
(km?) 337,930 — 82,100 62,550 79,570 103,310 10,400 a Ss = = ag 


‘Parentheses indicate estimates of questionable accuracy due to potential sampling biases. 
*Biomass = (CPUE/trawl width) x (geographical area) x (10° t/kg), where trawl] width = 0.017 km. Metric tons = t. 
‘See Figure 3. 


The most frequently occurring fish taxa among all areas were 
walleye pollock (77%), yellowfin sole (71%), Pacific cod (63%), 
Alaska plaice (60%), and Greenland turbot (59%). 

Most frequently occurring invertebrate taxa overall were snow 
crab, C. opilio (77%) and C. bairdi (72%), unidentified snails 
(68%), unidentified hermit crabs (55%), and unidentified starfish 
(48%). 


Relative abundance.—Apparent abundance observed during 
the spring 1976 survey is summarized in Tables 14-19. With the 
exception of the estimates of questionable accuracy obtained for 
walleye pollock, yellowfin sole, and Alaska plaice, Tables 14-19 
provide comparisons of relative apparent densities and relative 
species composition (on a weight basis) between geographical 
regions of the study area. 

Table 14 summarizes the observed overall mean abundance. 
Yellowfin sole and walleye pollock showed the highest apparent 
mean abundance, accounting for 48.2% of the overall mean total 
catch. The 20 most abundant fish taxa (7.6% of 264 total fish and 
invertebrate taxa recorded during the survey) accounted for 
71.9% of the overall total catch. 

In general, faunal similarity (as measured by the number of 
common taxa and the relative proportion of the total CPUE’s) 
between subareas followed similarity in physical environment. 
Faunal composition was most similar between inner shelf 


subareas 1 (Table 15), and 4N and 4S (Table 18), with 19 common 
taxa among the 20 most abundant in each subarea. Yellowfin sole 
ranked highest in abundance in both subareas, followed by 
Alaska plaice, sculpins, and rock sole. Of the 19 common taxa 
between subareas, most were more abundant in subarea 1. 

Based on the above criteria, outer shelf subareas 2, 3N, and 3S 
were also similar in faunal composition, with 13 taxa in common 
among their most abundant 20 (Tables 16, 18). In subarea 2, 
yellowfin sole was most abundant, followed by walleye pollock. 
In subareas 3N and 3S, walleye pollock ranked first, followed by 
yellowfin sole. Rock sole, flathead sole, Alaska plaice, and Pacific 
halibut were relatively abundant in subarea 2, but not in subareas 
3N and 3S. Relatively abundant taxa in subareas 3N and 3S, but 
not in subarea 2, were Greenland turbot, eelpouts, and Pacific 
herring, Clupea harengus pallasi. 

The slope subareas showed a relatively different faunal com- 
position from all shelf subareas (Table 19). Dissimilarities were 
most marked between the slope subarea and inner shelf subareas 
1, 4N, and 4S, with only 8 or 9 common taxa among the 20 most 
abundant in each area. There were 11 or 12 common taxa between 
the slope subarea and outer shelf subareas 2, 3N, and 3S. Walleye 
pollock was the most abundant species on the slope, with large 
flounders (arrowtooth flounder, Greenland turbot, and Pacific 
halibut), Pacific cod, and skates also showing relatively high den- 
sities. Deepwater taxa that were taken in abundance only in the 
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Figure 14,—Distribution and relative abundance of total fish during the 1976 Bering Sea spring trawl survey (by weight). 
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Figure 17.—Distribution and relative abundance of eelpouts during the 1976 Bering Sea spring trawl survey (by weight). 
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of snails during the 1976 Bering Sea spring trawl survey (by weight). 


Figure 21.—Distribution and relative abundance 


slope subarea included rattails (Macrouridae); Pacific ocean 
perch; sablefish; bigmouth sculpin, Hemitripterus  bolini; 
spinyhead sculpin, Dasycottus setiger; and rex sole, Glyp- 
tocephalus zachirus. 


Table 13.—The 20 most common fish taxa recorded during the spring 1976 Be- 
ring Sea demersal trawl survey, in order of percentage frequency of occurence. 


Alltareas Subarea' 

Rank Taxon combined 1 2 3 4 Slope 
1 Walleye pollock 77.0 49 92 90 73 82 
2 Yellowfin sole 71.3 100 53 73 99 2 
3 Pacific cod 63.2 41 84 61 64 75 
4 Alaska plaice 60.0 80 49 50. 100 0 
5 Greenland turbot 58.6 18 74 86 32 88 
6 Unidentified sculpins 54.5 59 54 62 37 55 
7 Rock sole 54.0 49 88 68 19 27 
8 Flathead sole 50.6 25 75 68 19 65 
9 Sturgeon poacher 44.8 60 39 30 78 8 

10 Pacific herring 41.4 39 29 50 73 
11 Pacific halibut 37.0 23 75 16 9 88 
12 Capelin 35.4 54 10 21 85 0 
13 Unidentified snailfish 30.8 10 25 55 21 43 
14 Arrowtooth flounder 30.1 0 72 15 0 98 
15 Unidentified eelpouts 28.5 3 40 55 12 24 
16 Myoxocephalus spp. 28.0 32 36 15 46 10 
17 Unidentified skates 27.8 0 42 38 4 71 
18 Longhead dab 27.1 72 4 0 54 0 
19 Starry flounder 22.3 55 24 3 23 0 
20 Great sculpin 13.3 8 0 13 45 0 
Number of trawls 435 100 89 «117 78 51 
'See Figure 3. 


Table 14.—The 20 most abundant fish taxa recorded during the spring 1976 
Bering Sea demersal trawl survey, in order of observed abundance, for all 
subareas combined.’ 


CPUE Proportion of Cumulative 

Rank Taxon (kg/km)? total CPUE’ proportion 
1 Yellowfin sole (104.04) 0.363 0.363 
2 Walleye pollock (34.00) 0.119 0.482 
3 Unidentified sculpins 12.77 0.045 0.527 
4 Alaska plaice (12.19) 0.043 0.570 
5 Rock sole 11.81 0.041 0.611 
6 Pacific cod 5.12 0.018 0.629 
7 Flathead sole 4.95 0.017 0.646 
8 Myoxocephalus spp. 3.51 0.012 0.658 
9 Greenland turbot 2.56 0.009 0.667 
10 Sturgeon poacher 2.33 0.008 0.675 
11 Arrowtooth flounder 2.12 0.007 0.682 
12 Pacific herring 1.75 0.006 0.688 
13 Longhead dab 1.62 0.006 0.694 
14 Pacific halibut 1.57 0.005 0.699 
15 Unidentified eelpouts 1.31 0.005 0.704 
16 Great sculpin 1.27 0.004 0.708 
17 Unidentified skates 1.00 0.004 0.712 
18 Capelin 0.85 0.003 0.715 
19 Unidentified poachers 0.66 0.002 0.717 
20 Starry flounder 0.46 0.002 0.719 

'See Figure 3. 
Overall catch per unit effort, kg/km trawled. Total effort = 1,279.8 km. 


Parentheses indicate estimates of questionable accuracy due to potential sampling 
problems. 

*Proportion of total catch per unit effort, all fish and invertebrates combined. 
Total CPUE = 286.6 kg/km. 
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Species Associations 


Procedures.—Recurrent group analysis (Fager 1957, 1963; 
Fager and Longhurst 1968) was used as a method for summariz- 


Table 15.—The 20 most abundant fish taxa recorded during the spring 1976 
Bering Sea demersal trawl survey, in order of observed abundance, subarea 1.’ 


CPUE Proportion of Cumulative 
Rank Taxon (kg/km)? total CPUE’ proportion 
1 Yellowfin sole (258.98) 0.627 0.627 
2 Unidentified sculpins 21.08 0.051 0.678 
3 Alaska plaice (10.71) 0.026 0.704 
4 Rock sole 6.86 0.017 0.721 
5 Longhead dab 4.93 0.012 0.733 
6 Myoxocephalus spp. 4.40 0.011 0.744 
7 Sturgeon poacher 3.34 0.008 0.752 
8 Walleye pollock 2.77 0.007 0.759 
9 Unidentified poachers 2.14 0.005 0.764 
10 Pacific herring 2.01 0.005 0.769 
11 Capelin 1.65 0.004 0.773 
12 Great sculpin 1.51 0.004 0.777 
13 Starry flounder 1.20 0.003 0.780 
14 Gymnocanthus spp. 0.40 0.001 0.781 
15 Greenland turbot 0.37 0.001 0.782 
16 Flathead sole 0.36 0.001 0.783 
17 Pacific halibut 0.28 0.001 0.784 
18 Unidentified Osmeridae 0.25 0.001 0.785 
19 Pacific cod 0.20 0.001 0.786 
20 Unidentified snailfish 0.10 0.001 0.787 
'See Figure 3. 


Overall catch per unit effort, kg/km trawled. Total effort = 271.8 km. 
Parentheses indicate estimates of questionable accuracy due to potential sampling 
problems. 

‘Proportion of total catch per unit effort, all fish and invertebrates combined. 
Total CPUE =413.21 kg/km. 


Table 16.—The 20 most abundant fish taxa recorded during the spring 1976 
Bering Sea demersal trawl survey, in order of observed abundance, subarea 2.' 


CPUE Proportion of Cumulative 

Rank Taxon (kg/km)? total CPUE* _ proportion 
1 Yellowfin sole (127.04) 0.284 0.284 
2 Walleye pollock (119.24) 0.266 0.550 
3 Rock sole 29.67 0.066 0.616 
4 Flathead sole 22.34 0.050 0.666 
5 Pacific cod 17.21 0.038 0.704 
6 Unidentified sculpins 12.02 0.027 0.731 
ff Alaska plaice (10.02) 0.022 0.753 
8 Myoxocephalus spp. 8.62 0.019 0.772 
9 Pacific halibut 5.79 0.013 0.785 
10 Arrowtooth flounder 5.29 0.012 0.797 
11 Greenland turbot 4.10 0.009 0.806 
12 Unidentified eelpouts 2.65 0.006 0.812 
13 Sturgeon poacher 2.48 0.006 0.818 
14 Unidentified skates 1.54 0.003 0.821 
15 Yellow Irish lord 1.25 0.003 0.824 
16 Big skate 0.84 0.002 0.826 
17 Searcher 0.74 0.002 0.828 
18 Starry flounder 0.72 0.002 0.830 
19 Shortfin eelpout 0.43 0.001 0.831 
20 Saffron cod 0.25 0.001 0.832 

‘See Figure 3. 
Overall catch per unit effort, kg/km trawled. Total effort = 283.5 km. 


Parentheses indicate estimates of questionable accuracy due to potential sampling 
problems. 

*Proportion of total catch per unit effort, all fish and invertebrates combined. 
Total CPUE = 447.94 kg/km. 


Table 17.—The 20 most abundant fish taxa recorded during the spring 1976 
Bering Sea demersal trawl survey, in order of observed abundance, subarea 3." 


CPUE Proportion of Cumulative 

Rank Taxon (kg/km)? total CPUE’ _ proportion 
1 Walleye pollock (36.54) 0.246 0.246 
2 Yellowfin sole 21.67 0.146 0.392 
3 Unidentified sculpins 5.21 0.035 0.427 
4 Greenland turbot 4.82 0.032 0.459 
5 Pacific cod 4.59 0.031 0.490 
6 Pacific herring 3.60 0.024 0.514 
y Unidentified eelpouts 2.88 0.019 0.533 
8 Rock sole 2.67 0.018 0.551 
9 Flathead sole 2.18 0.015 0.566 
10 Alaska plaice 1.92 0.013 0.579 
11 Unidentified skates 1.43 0.010 0.589 
12 Polar eelpout 1.43 0.010 0.599 
13 Arrowtooth flounder 0.65 0.004 0.603 
14 Unidentified snailfish 0.48 0.003 0.606 
15 Great sculpin 0.46 0.003 0.609 
16 Sturgeon poacher 0.25 0.002 0.611 
17 Black skate 0.24 0.002 0.613 
18 Canadian eelpout 0.23 0.002 0.615 
19 Capelin 0.21 0.001 0.616 
20 Myoxocephalus spp. 0.21 0.001 0.617 

'See Figure 3. 
2Overall catch per unit effort, kg/km trawled. Total effort = 359.4 km. 


Parentheses indicate estimates of questionable accuracy due to potential sampling 
problems. 

*Proportion of total catch per unit effort, all fish and invertebrates combined. 
Total CPUE = 148.61 kg/km. 


Table 18.—The 20 most abundant fish taxa recorded during the spring 1976 
Bering Sea demersal trawl survey, in order of observed abundance, subarea 4.' 


CPUE Proportion of Cumulative 

Rank Taxon (kg/km)? total CPUE’ _ proportion 
1 Yellowfin sole 40.86 0.203 0.203 
2 Alaska plaice (23.80) 0.118 0.321 
3 Unidentified sculpins 13.43 0.067 0.388 
4 Rock sole 13.03 0.065 0.453 
5 Sturgeon poacher 3.27 0.016 0.469 
6 Great sculpin 2.60 0.013 0.482 
7 Myoxocephalus spp. 2559 0.013 0.495 
8 Longhead dab 1.37 0.007 0.502 
9 Pacific herring 1.28 0.006 0.508 
10 Walleye pollock 1.17 0.006 0.514 
11 Capelin 1.16 0.006 0.520 
12 Unidentified eelpouts 0.37 0.002 0.522 
13 Unidentified poachers 0.35 0.002 0.524 
14 Greenland turbot 0.22 0.001 0.525 
15 Unidentified snailfish 0.19 0.001 0.526 
16 Gymnocanthus spp. 0.15 0.001 0.527 
17 Starry flounder 0.10 0.001 0.528 
18 Pacific cod 0.09 0.001 0.529 
19 Pacific halibut 0.09 0.001 0.530 
20 Flathead sole 0.08 0.001 0.531 

‘See Figure 3. 
7Overall catch per unit effort, kg/km trawled. Total effort = 222.2 km. 


Parentheses indicate estimates of questionable accuracy due to potential sampling 
problems. 

‘Proportion of total catch per unit effort, all fish and invertebrates combined. 
Total CPUE = 200.93 kg/km. 


ing general patterns of species associations during the 1976 spring 
trawl survey. The procedure identifies species relationships on the 
basis of cooccurrence within samples and a dichotomy of group- 
ing rules. The geometric mean of the proportion of joint occur- 
rences, corrected for sample size, is used as an index of affinity: 
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Table 19.—The 20 most abundant fish taxa recorded during the spring 1976 Bering 
Sea demersal trawl survey, in order of observed abundance, slope subarea.' 


CPUE Proportion of | Cumulative 

Rank Taxon (kg/km)? total CPUE’ proportion 
1 Walleye pollock (74.34) 0.333 0.333 
2 Arrowtooth flounder 32.09 0.144 0.477 
3 Pacific cod 25.09 0.112 0.589 
4 Greenland turbot 16.55 0.074 0.663 
5 Unidentified skates 12.23 0.055 0.718 
6 Pacific halibut 11.74 0.053 0.771 
ul Flathead sole 6.06 0.027 0.798 
8 Unidentified rattails 3.69 0.017 0.815 
9 Unidentified sculpins 2.93 0.013 0.828 
10 Pacific ocean perch 2.05 0.009 0.837 
11 Rock sole 1.25 0.006 0.843 
12 Big skate 1.02 0.005 0.848 
13 Unidentified eelpouts 0.85 0.004 0.852 
14 Searcher 0.72 0.003 0.855 
15 Unidentified snailfish 0.72 0.003 0.858 
16 Sablefish 0.65 0.003 0.861 
17 Bigmouth sculpin 0.36 0.002 0.863 
18 Canadian eelpout 0.29 0.001 0.865 
19 Spinyhead sculpin 0.25 0.001 0.865 
20 Rex sole 0.25 0.001 0.866 

‘See Figure 3. 
2Overall catch per unit effort, kg/km trawled. Total effort = 142.9 km. 


Parentheses indicate estimates of questionable accuracy due to potential sampling 
problems. 

Proportion of total catch per unit effort, all fish and invertebrates combined. 
Total CPUE = 223.53 kg/km. 


(25) 


where c is the number of joint occurrences, a is the number of oc- 
currences of species A, and b is the number of occurrences of 
species B(b>a). If the affinity indices of species pairs are greater 
than or equal to a specific breakpoint value (usually 0.50), then 
the species are considered to show affinity. Grouping is based on 
rules that include: All species within a group must show affinity 
with all other group members, the largest possible groups are 
formed, and no species may occur in more than one group. 

After recurrent groups were defined, intergroup relationships 
were determined as the ratio of the number of observed species- 
pair affinities between groups to the maximum number of possi- 
ble connections. The occurrences of groups among stations were 
also listed and plotted. 

Catch data from the 435 grid station trawls of the 1976 survey 
were examined. Although a total of 264 fish and invertebrate taxa 
was recorded at these stations, the analysis was restricted to 63 
taxa considered to have been consistently and reliably identified 
by all field parties during all legs of the investigations (Table 20). 
These taxa included 45 fish taxa (18 families) representing the 
most abundant members of the demersal fish community, and 18 
abundant invertebrate taxa. 


Results. —The recurrent grouping procedure organized 25 taxa, 
with one or more affinity values > 0.50, into five groups. Other 
taxa included in the analysis did not occur frequently enough to 
show affinity at the assigned level. Group composition and inter- 
group relationships are shown in Figure 22. 

The 25 taxa with significant relationships accounted for 78.9% 
(by weight) of the total catch of fish and invertebrates taken dur- 


Table 20.— List of taxa included in the analysis of species associations, 


1976 Bering Sea spring trawl survey.' 


Taxon 


Raja spp. 

Clupea harengus pallasi 
Mallotus villosus 
Osmerus mordax 
Thaleichthys pacificus 
Boreogadus saida 
Eleginus gracilis 

Gadus macrocephalus 
Theragra chalcogramma 
Lycodes palearis 
Coryphaenoides spp. 
Trichodon trichodon 
Bathymaster signatus 
Lumpenus sagitta 
Anarrhichthys ocellatus 
Anarhichas orientalis 
Ammodytes hexapterus 
Sebastes aleutianus 

S. alutus 

Sebastolobus alascanus 
Anoplopoma fimbria 
Hexagrammos stelleri 
Dasycottus setiger 
Hemilepidotus hemilepidotus 
H. jordani 

Tcelus spiniger 

Melletes papilio 


Myoxocephalus polyacanthocephalus 


Triglops pingeli 
Hemitripterus bolini 
Agonus acipenserinus 
Careproctus rastrinus 
Eumicrotremus orbis 
Atheresthes stomias 
Glyptocephalus zachirus 
Hippoglossoides elassodon 
H. robustus 

Hippoglossus stenolepis 
Lepidopsetta bilineata 
Limanda aspera 

L. proboscidea 
Microstomus pacificus 
Platichthys stellatus 
Pleuronectes quadrituberculatus 
Reinhardtius hippoglossoides 
Octopus spp. 

Crangon communis 

C. dalli 

Pandalopsis dispar 
Pandalus borealis 

P. goniurus 

P. montagui tridens 
Chionoeceies angulatus 


C. bairdi 

C. apilio 

Chionoecetes sp. 

Hyas coarctatus alutaceus 
Hyas lyratus 

Oregonia gracilis 
Erimacrus isenbeckii 
Lithodes aequispina 
Paralithodes camtschatica 
P. platypus 


See Figure 22. 


Common name 


Unidentified skates 
Pacific herring 
Capelin 

Rainbow smelt 
Eulachon 

Arctic cod 

Saffron cod 

Pacific cod 

Walleye pollock 
Wattled eelpout 
Unidentified rattails 
Pacific sandfish 
Searcher 

Snake prickleback 
Wolf-eel 

Bering wolffish 
Pacific sand lance 
Rougheye rockfish 
Pacific ocean perch 
Shortspine thornyhead 
Sablefish 
Whitespotted greenling 
Spinyhead sculpin 
Red Irish lord 
Yellow Irish lord 
Thorny sculpin 
Butterfly sculpin 
Great sculpin 
Ribbed sculpin 
Bigmouth sculpin 
Sturgeon poacher 
Pink snailfish 
Pacific spiny lumpsucker 
Arrowtooth flounder 
Rex sole 

Flathead sole 

Bering flounder 
Pacific halibut 

Rock sole 

Yellowfin sole 
Longhead dab 
Dover sole 

Starry flounder 
Alaska plaice 
Greenland turbot 
Unidentified octopus 


Sidestripe shrimp 
Pink shrimp 
Humpy shrimp 


Snow (Tanner) crab 
(angulatus) 

Snow crab (bairdi) 

Snow crab (opilio) 

Snow crab (hybrid) 


Elbow crab 
Decorator crab 
Korean horsehair crab 
Golden king crab 

Red king crab 

Blue king crab 
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ing the 1976 survey. The distribution patterns of group occur- 
rences were regional with limited geographical overlap and were 
similar to results from the 1975 Bering Sea survey (Pereyra et al. 
see footnote 2). The associations and distributions defined by the 
groups follow. 


Group | (outer shelf group): The 10 species of group 1 (Fig. 
22) individually showed broad distribution patterns, ranging from 
north to south limits of the survey area and from inner Bristol Bay 
to the outer continental slope. In contrast to the extended ranges 
of the individual species, the occurrences of group 1 members 
together were restricted to 92 stations (depths 100-185 m) along 
the outer continental shelf (Fig. 23). 

Group 2 (central shelf group): Group 2 consisted of five fish 
species, plus one associated crab species, that were broadly 
distributed over the central Bering Sea continental shelf. The two 
most abundant species, yellowfin sole and Alaska plaice, were ap- 
parently migrating from deep to shallow water during the survey. 
Group 2 members occurred together at 62 stations in a large mid- 
shelf region between bottom depths of approximately 30-80 m 
(Fig. 24). 

Group 3 (northern outer shelf group): The three fish species 
of group 3 occurred as an isolated northern group, showing no af- 
finities to members from any other recurrent group. Group 3 
members occurred together at 13 stations (depths 84-110 m) be- 
tween lat. 58°45’ and 60°00’N, directly south of St. Matthew 
Island (Fig. 25). 

Group 4 (southern deepwater group): Group 4 was com- 
posed of three flatfish species that occurred together at 50 stations 
in deep water (depths 115-450 m) along the outer continental shelf 
and slope (Fig. 26). 

Group 5 (Alaska Peninsula group): The two flatfish and one 
crab species of group 5 occurred together at 49 stations primarily 
in a broad area along the Alaska Peninsula between bottom 
depths of approximately 18-65 m (Fig. 27). 


Similarities between the recurrent species groupings observed 
during the 1976 spring trawl survey, and those of Pereyra et al. 
(see footnote 2), support the hypothesis that the Bering Sea 
demersal fish and shellfish community can be characterized by a 
few major, large-scale organizational features. A relatively small 
number of principal species accounts for most of the trawlable 
biomass. These species apparently show recurrent, although 
seasonally influenced, patterns of association within relatively well 
defined geographical regions of the Bering Sea continental shelf 
and slope. 


Distribution, Abundance, and Biological 
Characteristics of Principal Fish Populations 


Walleye pollock. 


Distribution and abundance.—Walleye pollock were widely 
distributed throughout the survey area, occurring at 335 (77.0%) 
of the 435 grid trawling stations, at an overall mean abundance of 
34.00 kg/km trawled. Regions of highest abundance by weight 
were along the outer continental shelf (subareas 2, 3N, and 3S) 
west and southeast of the Pribilof Islands (Table 21, Fig. 28). 
Large numbers of juvenile walleye pollock (age 1 yr) were ob- 
served in regions of the inner continental shelf (subareas 1, 4S, 
and 4N), although their estimated total biomass was relatively 
low. 


GROUP 2 
Yellowfin sole 
Alaska plaice 
Sturgeon poacher 
Pacific herring 
Capelin 


GROUP 1 


Pollock 

Snow crab (opilio) 
Rock sole 

Snow crab (bairdi) 
Pacific cod 


Flathead sole 
Greenland turbot 
Snow crab (hybrid) 
Unidentified skates 
Pink shrimp 


GROUP 4 
Arrowtooth flounder 
Pacific halibut 

Rex sole 


1/5 


Elbow crab 


GROUP 5 

Red king crab 
Longhead dab 
Starry flounder 


GROUP 3 
Bering flounder 


Red Irish lord 
Pink snailfish 


Figure 22.—Recurrent species groups observed in the Bering Sea during the 1976 spring trawl survey and their relationships. Species are 
listed in order of relative abundance within each group. Fractions indicate the ratio of the number of observed species-pair affinities be- 
tween groups to the maximum number of possible connections (maximum possible connections for any two groups = product of 
number of species within both groups). Dotted lines indicate associated taxa showing affinity with some group members, but not all. 


The total apparent population biomass of walleye pollock 
within the study area was 0.679 million t (95% confidence limits 
0.480-0.879 million t), which appeared to be a relatively low 


estimate. During 1970-75, commercial catches of walleye pollock 
from the study area by Japan alone ranged from 0.6 to 1.2 million 


t/yr. The total Japanese walleye pollock catch during the period 
November 1975 to October 1976 was 0.8 million t. Another com- 
parison indicating that the 1976 survey estimate for walleye 


pollock biomass was low was the 1975 survey estimate of 2.43 
million t (95% confidence limits 2.00-2.85 million t) from the 
same region (Pereyra et al. see footnote 2). 
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Possible causes of the low estimate of walleye pollock biomass 
for 1976 include 1) decreased catchability—the availability of 
walleye pollock to demersal survey trawling may have been low 
because some of the population was off bottom for spring spawn- 
ing (Serobaba 1974); 2) emigration—seasonal and environmental- 
ly related shifts in geographical distribution may have decreased 
the proportion of the eastern Bering Sea population of walleye 
pollock within the survey area, as a result of cold temperatures 
and heavy ice cover over the continental shelf during spring 1976; 
and 3) true decline—an actual decrease in population biomass 
may have occurred between 1975 and 1976 as a result of natural 
and fishing mortalities. 
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of walleye pollock during the 1976 Bering Sea spring trawl survey (by weight). 


ind relative abundance 


Figure 28.—Distribution a 


Table 21.—Estimated biomass and population numbers of walleye pollock by subarea and for all subareas combined, 
1976 Bering Sea spring trawl survey.’ 


Proportion Proportion 
Percentage Mean Estimated of total Estimated of total Mean size 
frequency of CPUE biomass estimated population estimated Weight FL 
Subarea? occurrence (kg/km) (t) biomass (millions) population (kg) (cm) 
Inner shelf 
4N 68.2 0.92 1,706 0.003 298.1 0.066 0.096 9:9 
4S 75.0 1.27 5,502 0.008 1,052.1 0.234 0.005 9.9 
l 49.0 2.77 13,595 0.020 1,123.4 0.249 0.012 11.7 
Outer shelf 
and slope 
&} 89.7 (36.54) (171,750) 0.253 (801.1) 0.178 0.214 26.6 
3 Slope 90.9 (15.41) (2,986) 0.004 (4.4) 0.001 0.672 45.1 
2 92.1 (119.24) (445,281) 0.655 (1,164.7) 0.259 0.382 36.0 
2 Slope 80.0 (90.54) (38,673) 0.057 (61.1) 0.014 0.633 42.9 
All subareas 
combined 77.0 (34.00) (679,492)? (4,504.9) 0.151 20.5 


‘Parentheses indicate estimates that may be badly biased 


*See Figure 3. 
‘95% confidence limits: 480,060-878,925 t. 


Of the total population biomass estimated from the 1976 spring 
survey, 71% was located on the outer continental shelf and upper 
slope in subareas 2 and 2 Slope, 26% in subarea 3N and 3S, and 
only 3% in inner shelf subareas 1, 4N, and 4S (Table 21). 

The total number of walleye pollock within the study area was 
estimated to be 4.50 billion individuals that were distributed 
among geographical subdivisions of the study area quite different- 
ly from the population biomass. Only 27% of the total number 
were located in subareas 2 and 2 Slope, as opposed to 71% of the 
biomass; 55% of the individuals occurred in the inner shelf (sub- 
areas 1, 4S, and 4N), representing only 3% of the total apparent 
biomass. 


Size composition.— Walleye pollock ranged from 7 to 90 cm 
FL, with an overall mean fork length of 20.5 cm (based upon 
38,231 field measurements; Fig. 29). Populations in subareas 1, 
4S, and 4N were composed almost entirely of small juveniles 
(overall mean fork length for each subarea 11.7, 9.9, and 9.9 cm, 
respectively). Populations in geographical subareas along the 
Outer continental shelf and upper slope were composed of mixed 
sizes showing a broad range around each mean fork length. 

Geographical subareas 3S and 3N showed substantial propor- 
tions of individuals in the size ranges 10-12 cm and 17-21 cm. The 
proportion of these small size groups appeared to decrease from 
north (subareas 3N and 3S) to south (subarea 2) along the outer 
continental shelf. 

Populations in subareas 2, 2 Slope, and 3 Slope differed from 
all other geographical regions in that their apparent size-frequency 
distributions mainly consisted of large (>30 cm) individuals. 
Mean fork lengths in these deepwater areas were subarea 2, 36.0 
cm (range 10-82 cm); subarea 2 Slope, 42.9 cm (range 17-90 cm); 
and subarea 3 Slope, 45.1 cm (range 34-66 cm). 


Age composition.—Estimates of age-frequency distribution 
were determined from an overall collection of 846 male and 1,144 
female saccular otoliths. The ranges in ages observed were males, 
1-14 yr, and females, 1-15 yr. The estimated numbers of in- 
dividuals within each age group are summarized in Table 22. 
However, because estimates of walleye pollock abundance for 
1976 may have been biased low by sampling problems, the esti- 
mated numbers at each age (particularly in deepwater subareas 2, 
2 Slope, 3N, 3S, and 3 Slope) are of uncertain accuracy. Relative 


4l 


due to sampling problems. 


age distributions between different geographical regions of the 
survey area are compared in Figure 30. 

Overall, 59.7% (2.69 x 10° individuals) of the estimated 
population were distributed within age group 1, and 90. 1% (4.06 
x 10° individuals) were observed to be 4 yr of age or less. Geo- 
graphical subareas 1, 4S, and 4N accounted for 91.3% of all age-1 
individuals, and nearly all walleye pollock taken within those 
areas were only | or 2 yr of age. 

Populations within geographical areas along the outer conti- 
nental shelf contained fewer age-1 and age-2 individuals and 
higher proportions of large, old (=4 yr) individuals. Deepwater 
subareas 2 Slope and 3 Slope showed relatively large proportions 
of age groups 7-10. 


Sex ratio.—Proportions of females observed in components of 
the estimated walleye pollock population are summarized in Table 
23. The overall proportion of females was 0.43, suggesting either 
1) a true disparate population sex ratio, or 2) sampling biases 
causing underestimation of females, perhaps due to decreased 
availability to survey trawling. If underestimation of females did 
occur, its cause was apparently not age specific or isolated to 
spawning individuals, since all age groups between 1 and 10 yr 
showed proportions ranging between 0.33 and 0.46. Females, 
however, did predominate in deepwater subareas 2 Slope and 3 
Slope. 


Length-weight relationship.—A total of 690 individuals from 
the walleye pollock populations in otolith areas B and D (Fig. 4) 
were measured for fork length and weight. The results are sum- 
marized in Table 24 and Figure 31. 

The length-weight relationships of males did not significantly 
differ between north and south populations. However, the rela- 
tionship observed for females indicated that individuals from the 
southern population (otolith area B) were significantly heavier 
(6-14%) at length, perhaps due to a higher proportion of ripe 
spawning individuals. sh 

The overall equation, W = 0.0034 L?-'’’‘, was used for all 
computations of population numbers requiring a length-weight 
relationship. 


Age-length relationship and growth.—Age-length keys were 
calculated from age data of 1,990 fish, and the mean fork length 
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Figure 29.—Size composition of walleye pollock taken during the 1976 Bering Sea spring trawl survey, by sex 
and geographical area (see Fig. 3). The category sexes combined includes male, female, and undetermined. 


of age groups within the different sets of data was determined. 
Because only a limited number of age determinations was ob- 
tained from otolith area A, observations from otolith areas A and 
B were combined for analysis. 

Results of the growth curve fittings are summarized in Table 25. 
Overall, females showed a slightly higher growth completion rate 
(see Equation (24)) than males and approximately 8% larger 
asymptotic length (Fig. 32). 

Comparisons of growth characteristics between geographical 
regions are shown in Figure 33. For walleye pollock, comparisons 
between otolith areas A and B (combined) and otolith area D cor- 
respond to comparisons between populations northwest and 
southeast of the Pribilof Islands. Both males and females had 
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higher growth completion rates and larger asymptotic lengths in 
the southeastern geographical region. 


Reproductive condition. —Previous studies of the reproductive 
biology of eastern Bering Sea walleye pollock have reported 
spawning to occur seasonally (March to mid-July), with peak 
gonad development and spawning behavior occurring in May 
(Serobaba 1968, 1971, 1974). Because the spring 1976 survey pro- 
vided good coverage of this seasonal time period, one of the 
survey objectives was to assess the reproductive condition of the 
walleye pollock population within the study area. 

A total of 2,379 males and 3,585 females were examined for 
gonad condition during the 1976 spring survey. The frequency 
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Figure 29.—Continued. 
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‘fable 22.—Estimated population size of walleye pollock age groups and year classes within survey subareas, 1976 Bering Sea spring trawl survey.’ 


1 2 3 4 ) 6 7 8 9 10 11 >12 Ages All ages 
Subarea* 1975 1974 1973 1972 1971 1970 1969 1968 1967 1966 1965 — unknown — combined 
Se ess Soa oe GSS Se Sees aS oSres Sa teem o SSeS oS lbONSOMIN  Seesiacdsea cheep Soe seeecknas bese sseasoSeosonecs 
Inner shelf 
4N 296.91 Haha} - — — 0.05 298.09 
4S 1,049.61 2.47 0.02 1,052.10 
I 1,109.19 9.09 1.84 1.41 0,02 0.02 0.12 0.26 0.40 0.27 0.40 0.15 0.22 1,123.39 
Outer shelf 
and slope 
3 (218.05) (153.68) (81.52) (240.27) (29.84) (8.51) (13.64) (19.50) (20.70) (12.06) (2.25) (0.74) (0.33) (801.09) 
3 Slope = — (0.04) (1.76) (0.46) (0.16) (0.27) (0.53) (0.67) (0.40) (0.10) (0.05) _ (4.44) 
Z (14.94) (208.45) (306.59) (328.74) (77.12) (34.79) (48.13) (55.66) (41.90) (27.33) (15.95) (4.68) (0.38) (1,164.66) 
2 Slope = (6,58) (5.40) (17.37) (4.73) (2.58) (5.20) (6.51) (5.29) (3.88) (2.63) (0.81) (0.15) (61.13) 
All subareas 
combined (2,688.70) (381.40) (395.41) (589.55) (112.17) (46.06) (67.36) (82.46) (68.96) (43.94) (21.33) (6.43) (1.13) (4,504.90) 
Proportion 
of total 0.597 9.085 0.088 0.131 0.025 0.010 0.015 0.018 0.015 0.010 0.005 0.001 0.001 


Parentheses indicate estimates that may be badly biased due to sampling problems. 
See Figure 3. 
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Figure 30.—Relative age composition of walleye pollock taken during the 1976 Bering Sea spring trawl survey, by 
sex and geographical area (see Fig. 3). The category sexes combined includes male, female, and undetermined. 


Table 23.—Proportions of females in the estimated population of walleye pollock by age group and geographical area, 1976 
Bering Sea spring trawl survey.’ 


Age group (yr) 


All ages 
Subarea? 1 2 3 4 5 6 7 8 9 10 11 12 combined 
OO Proportioniofsfemalesigan = ea ame eae eee a oe 
Inner shelf 
4N 0.63 0.00 _ — - 0.61 
4S 0.47 — — _ _— _ _— _— _ — _— _— 0.47 
1 — 0.40 0.61 0.20 0.00 0.76 0.68 0.80 064 0.74 0.85 0.94 0.51 
Outer shelf 
and slope 
3 03335 10!S0's 20:49 50:49) 50:35) (O!11 (0'SS) 405565 1:10:68) 0:45.91 0:S1- 9 0!59, 0.48 
3 slope — ty O69 10/565 0:50 nen0:330 (0:72.55 1076) 1 10' SSO, 8am 0:85. 10:00, 0.66 
2 0.34 «60.43 (0.37) (0.37, «0.37's«O0.36—S «0.37, s—«0.32—s—«s0.33-S «0.36 = «0.58 = 0.70 0.38 
2 slope — 0.58 0.56 0.49 0.61 0.57 0.69 0.65 0.66 0.69 0.87 0.96 0.61 
All subareas 
combined 0.46 0.45 0.42 O41 O41 0.33 041 041 0.44 0.41 0.58 0.65 0.43 


‘Based upon sampled individuals for which sexes could be determined. 


*See Figure 3. 


Table 24.— Length-weight relationships observed for walleye pollock during the 1976 Bering Sea spring trawl survey, 
with testing for between-area and between-sex differences. 


Otolith' Number FL Length-weight coefficients Predicted weight-at-length 
Sex area sampled range (cm) a b 10cm 30cm 50cm 
saccecsceennnee grams --------------- 
Males B 116 19-65 0.0048 3.0789 5.8 170.9 823.9 
D 138 26-58 0.0052 3.0568 5.9 169.6 808.3 
Both areas 
combined 254 18-65 0.0051 3.0641 5.8 170.1 813.9 
Females B 299 18-69 0.0031 3.2127 5.0 172.4 889.8 
D 137 21-60 0.0025 3.2568 4.4 158.9 839.2 
Both areas 
combined 436 18-69 0.0029 3.2235 4.8 168.1 872.7 
Overall 690 18-69 0.0034 3.1775 Sal 169.1 857.3 
Analysis of covariance 
Tests for differences* 
Slope (5) Common means 
df F ratio df F ratio 
Males between areas B and D 1:250 0.03 1:251 0.28 
Females between areas B and D 1:432 0.32 1:433 12:9%* 
Between sexes in area B 1:411 5.78* — _— 
Between sexes in area D 1:271 2.53 1:272 0.35 
‘See Figure 4. 
* = P <0.05, ** = P <0.01. 
distributions of observed conditions were summarized in a length- eos bea ck (26) 


maturity key for each sex. Male and female samples showed either 
of five stages of gonad condition: Immature, developing, spawn- 
ing, spent, or inactive (Table 7). 

By applying the estimated number of individuals within the 
population (for each sex, all subareas combined) at each fork 
length to the respective length-maturity key, an estimate was ob- 
tained of the number of individuals within each classification of 
gonad condition (at each fork length). The rate of attaining 
reproductive maturity (first spawning condition) was then ex- 
amined by computing the proportions of immature (condition 
code 1) and mature (condition codes 2-5) individuals within the 
population at each fork length. Individuals classified in code 2 
condition (developing) were included in the mature category 
because, in one analysis of 570 developing individuals (from 
Miller Freeman hauls 14-50, 6-16 April 1976), 87% of males and 
96% of females appeared to be near spawning. 

For each sex, the relationship between fork length and propor- 
tion mature was found to be fairly well described by a sigmoidal 
curve of the model: 


where P is the proportion of the population mature at fork length 
L (cm), e is the natural constant 2.71828 . . ., and b and c are 
constants (Fig. 34). Because an equivalent form of Equation (26) 
is 

(27) 


Z=a, +6b,L, 


where Z = In(—1nP), a, = 1nb, and b, —c, a least squares 
linear regression was used to estimate a, and b, and then obtain 
estimates of b and c. 

The fitted model for males was found to be 


0.2240 


—7 rs 
P = e~ 725.9478 5 


(28) 
and the fork length at which 50% of the individuals were mature 


was 31.0 cm. Females matured at longer lengths than males, and 
the fitted model was 
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Figure 31.—Length-weight observations from walleye pollock taken during the 1976 Bering Sea spring trawl survey, by sex and otolith area (see Fig. 4). 


Table 25.—Parameters of the von Bertalanffy growth curves for walleye pollock by sex and otolith area, 1976 
Bering Sea spring trawl survey. 


Number Age FL Standard 
Otolith of age range range error of Parameters 
Sex areas Data set readings (yr) (cm) curve fit L K fo 
Male AB All ages 525 1-14 12-67 3.25 62.61 0.23 0.01 
Selected ages 0, 2-11 17-67 1.46 55.77. 0.27 —0.01 
D All ages 321 1-12 9-63 1.15 54.34 0.26 0.11 
Selected ages 0, 2-10 15-58 1.67 55.34 0.23 -0.01 
ABD All ages 846 1-14 9-67 3.49 61.93 0.23 0.22 
Selected ages 0, 2-11 15-67 1.87 56.58 0.24 -—0.02 
Female AB All ages 810 1-15 12-72 3.94 75.74 0.15 —0.32 
Selected ages 0, 2-12 18-72 0.79 60.29 0.24 0.00 
D All ages 334 2-13 18-74 4.57 65.44 0.21 0.42 
Selected ages 0, 3-11 25-74 2.25 58.62 0.23 0.02 
ABD All ages 1,144 1-15 12-74 3.89 77.55 0.14 —0.29 
Selected ages 0, 2-12 18-74 1.07 60.95 0.22 0.00 


‘See Figure 4. 
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Figure 32.—Von Bertalanffy growth curves for male and female walleye pollock, 1976 Bering Sea spring trawl survey (selected ages). Symbols indicate 
the mean length at each age. 


—o.209L, 


P — e 867-088e ¥ (29) 
with the fork length, at 50% maturity, equal to 34.2 cm. 

By applying Equations (28) and (29) to the respective expanded 
age-length table (consisting of the estimated number of individ- 
uals in the population at each length and age), it was possible to 
approximate the percentage of sexually mature individuals within 
each age class (Table 26). However, because individuals within 
older age classes at a given length can be expected to be 
represented by a higher proportion of mature individuals, the esti- 
mates presented in Table 26 include the following potential biases: 
The percentage mature within young age classes (2 and 3 yr) may 
be somewhat overestimated; and the percentage mature within 
older age classes ( >4 yr) may be slightly underestimated. 

By summing the estimated number of individuals within each 
gonad condition code (Table 7), over all lengths, an estimate was 
obtained of the distribution of reproductive conditions among the 
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sampled populations (Fig. 35). As noted in the summaries of 
length and age distributions, the relative distribution of gonad 
conditions within the combined sex population (males, females, 
and undetermined) was markedly different from the distributions 
of male and female populations, due to the large influence of the 
population of small, immature fish of undetermined sex. In- 
dividuals of undetermined sex accounted for 55.8% of the overall 
estimated walleye pollock population. Nonetheless, the combined 
sex estimates provide the best description of the relative reproduc- 
tive condition of the sampled population. 

The overall percent frequency distribution (combined sexes) of 
gonad conditions observed was immature, 77.3%; developing, 
11.7%; spawning, 6.8%; spent, 2.3%; and inactive, 1.8%. 

Because the walleye pollock population within the study area 
may have been poorly sampled by the spring 1976 survey (as indi- 
cated by low estimates of overall population size and low propor- 
tion of females), the preceding analyses should be considered in- 
itially as only summaries of the sampled population. The relation 
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Figure 33.—Von Bertalanffy growth curves for walleye pollock taken during the 1976 Bering Sea spring 
trawl survey, by sex and otolith area (see Fig. 4). Symbols indicate the mean length at each age. 
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Figure 34.—Length-maturity relationships observed from walleye pollock taken during the 1976 Bering Sea spring trawl survey. 
of these results to the actual population is dependent upon the centimeter length class may have affected the estimate of propor- 
degree of influence of the following potential sources of bias: If tion mature at each length. 
large, spawning individuals were less vulnerable to the trawl than 
nonspawners, as a result of an off-bottom distribution and/or Yellowfin sole. 
avoidance, then the estimated numbers and overall relative popu- 
lation proportions of mature and spawning individuals may have Distribution and abundance. —During the entire survey period, 
been substantially underestimated; and differential vulnerability April-June 1976, yellowfin sole were taken over a broad region of 
to the trawl of immature and mature individuals within each the survey area along the central continental shelf and in Bristol 
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Table 26.—Estimated sexual maturity schedule for 
eastern Bering Sea walleye pollock, 1976 spring trawl 


survey. 
Age class Percentage mature 
(yr) Males Females 

1+ 6.0 0.0 
2+ 5.6 0.8 
3+ 37.2 28.9 
4+ 80.0 64.1 
S+ 94.1 84.2 


Bay (Fig. 36, 37). Overall, yellowfin sole occurred at 310 (71.3%) 
of the 435 grid stations, at a mean abundance (CPUE) of 104.04 
kg/km trawled (Table 27). 

Because an inshore migration of the population was apparently 
in progress during the survey period, the survey data were ana- 
lyzed in monthly time intervals in an attempt to improve the reso- 
lution of real distributional features. Otherwise, because both the 
progression of survey sampling and movements of high-density 
concentrations of yellowfin sole followed the receding pack ice in- 
to Bristol Bay, the overall apparent distributional pattern and 
overall apparent population abundance (Table 27: ‘‘Mean 
CPUE”’ column) were badly biased. Eastern Bering Sea yellowfin 
sole have been generally recognized to make regular seasonal 
migrations to outer continental shelf waters in winter and to inner 
shelf areas in summer and early fall (Fadeev 1970; Wakabayashi 
19745). 

In April, sampling was limited to subarea 2 and small portions 
of subareas 1, 3N, and 3S because of ice cover (Fig. 36). A large 
concentraton of yellowfin sole showing extremely high catch rates 
was encountered north of Unimak Island in this period. The max- 
imum catch rate observed, 6,800 kg/km trawled, corresponded to 
a density of approximately 2.9 individuals/m?. The concentration 
was centered at depths of 90-100 m on the boundary of subareas 1 
and 2. Catch rates declined very markedly near the ice edge. The 
offshore limits of this concentration extended to about the 120 m 
isobath. 

In May, as the ice edge receded north, the large Unimak Island 
concentration apparently moved northeast towards Bristol Bay 
(Fig. 36). Sampling in the northern sector of subarea 2 and in 
subareas 3N and 3S, following the recession of ice, indicated two 
smaller concentrations, one east of St. George Island and the 
other west of St. Paul Island. These latter concentrations may 
have been distributed under the ice in April. The two Pribilof con- 
centrations and larger Unimak Island concentration have been 
recognized in previous investigations (Fadeev 1970; Wakabayashi 
et al. 1977°). 

As ice cover continued to recede from the survey area in June, 
the Unimak Island concentration appeared to disperse over the in- 
ner Bristol Bay shelf (Fig. 37). The large concentration of 
yellowfin sole observed in Bristol Bay during June may have been 
composed of migrants from the Unimak Island group and in- 
dividuals that overwintered under ice cover on the inner shelf. 
Fadeev (1970) reported a population of small yellowfin sole that 
apparently remained in Bristol Bay through winter. 


‘Wakabayashi, K. 1974. Studies on resources of the yellowfin sole in the 
eastern Bering Sea. I. Biological characters. Fishery Agency of Japan, Far Seas 
Fisheries Research Laboratory, 1000 Orido, Shimizu 424, Japan, 77 p. 

*Wakabayashi, K., R. Bakkala, and L. Low. 1977. Status of the yellowfin 
sole resource in the eastern Bering Sea through 1976. Fishery Agency of Japan, 
Far Seas Fisheries Research Laboratory, 1000 Orido, Shimizu 424, Japan, 45 p. 


50 


POLLOCK, MALES 
ALL SUBAREAS 


PERCENT FREQUENCY 


IMMATURE DEVELOP. SPAWN SPENT INACTIVE 


POLLOCK, FEMALES 
ALL SUBAREAS 


> 
1S) 
a 
5 40 
a 
WwW 
ue 

30 
i— 
roe 
WW 
2 
iy 20 
Qa 

10 

IMMATURE DEVELOP SPAWN. SPENT INACTIVE 
POLLOCK, SEXES 
COMBINED 

a ALL SUBAREAS 
oO 
7 
WwW 
>) 
og 
Ww 
[ee 
we 
io 
= 
WwW 
oO 
ar 
W 
a 


IMMATURE DEVELOP. SPAWN 


GONAD CONDITION 


SPENT INACTIVE 


Figure 35.—Reproductive condition of walleye pollock taken during the 
1976 Bering Sea spring trawl survey. 


Previous tagging studies have indicated a migration of 
yellowfin sole from a wintering area west of St. Paul Island 
towards Nunivak Island in spring (Wakabayashi see footnote 5). 
The concentration encountered between the Pribilof Islands and 
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Figure 36.—Distribution and relative abundance of yellowfin sole during the 1976 Bering Sea spring trawl survey (by weight): A) April; 


B) May. 
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Figure 37.— Distribution and relative abundance of yellowfin sole during the 1976 Bering Sea spring trawl survey (by weight): A) June; 
B) July- August. 
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Table 27.—Estimated biomass and population numbers of yellowfin sole in the Bering Sea by subarea and for all subareas combined during April, May, and June 1976.' 


Proportion of 


Mean 


Percentage 


Mean size 


Estimated population 
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(kg) 


June 
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May 


April 
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ated biomass 
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Proportion of total 
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eae 
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Inner shelf 


19,1 
Ze) 


0,090 
0.121 
0,137 


0,054 
0.093 
0.766 


489.9 


0,037 


44,249 


88,151 
939,471 


23.94 
47.50 


100.0 


4N 
48 


0,129 
0,753 


98.2 


100.0 


22.8 


(34,092.9) 7,458.8 7,001.1 0,863 


0.746 (0.788 


0.865 


976,007 


(5,115,342) 


258.98 


Outer shelf 


0.014 0.057 0.087 0.161 24.3 
<0.001 


559.9 799.3 


(568.9) 


0.101 


0.071 
<0.001 


(105,788) 92,932 120,753 0.018 


21.67 


72.6 


0.1 


0.14 


9.1 
127.04 


52.8 


3 Slope 


0.139 


(4,849.8) 


All subareas 


9,901.4 9,144.5 


(39,511.6) 


"1,192,624 


(5,911,135)* —*1,308,207 


71.3 104.04 


combined 


‘Parentheses indicate estimates that may be badly biased due to sampling problems. 


*See Figure 3. 


*95% confidence limits: April; 0-15,520,670 t 


May: 405,108-2,211,307 t 


June: 661,690-1,723,558 t. 


53 


St. Matthew Island in June 1976 (Fig. 37) may have represented 
such a migration in progress. 

Catch rates observed during the July and August 1976 sampling 
of the NMFS Crab-Groundfish Survey indicated that almost all 
yellowfin sole had migrated from waters west of the Pribilof 
Islands and most of subarea 2 by midsummer (Fig. 37). 

Because of the sampling problems caused by rapid inshore mi- 
gration, abundance estimates were imprecise and questionable. 
Large concentrations of individuals were probably sampled more 
than once during the April-June 1976 survey period, or even 
within individual months. Particularly severe biasing due to multi- 
ple sampling of high fish densities may have occurred during April 
when sampling was concentrated along the pack ice edge. 

However, because the survey and migrating population ap- 
peared to progress together, the pattern of sampling may have 
provided fairly complete coverage of the entire population within 
each month. As a result, population and biomass estimates were 
computed overall (April-June), and for comparisons, also for in- 
dividual months of survey coverage (Table 27). 

The overall apparent population biomass for yellowfin sole was 
2.09 million t (95% confidence limits 1.17-3.02 million t); the 
estimated population size was 15.4 billion individuals. Estimates 
of population biomass obtained from the survey coverage during 
individual months were April, 5.91 million t; May, 1.31 million t; 
and June, 1.19 million t (Table 27). 

In relation to previous estimates (Wakabayashi 1975’; Waka- 
bayashi et al. see footnote 6), the overall and April estimates for 
yellowfin sole population biomass appear unrealistically high. The 
May and June estimates were approximately the same as the 
overall estimate obtained from the 1975 Bering Sea survey (1.04 
million t; 95% confidence limits 0.87-1.21 million t) and were 
within the range of the 1975 survey’s 95% confidence limits 
(Pereyra et al. see footnote 2). 

The precision of 1976 survey biomass estimates was relatively 
poor because of high variability in catch rates between stations 
and months, and the smaller number of samples upon which each 
estimate was based. As a measure of relative variance, the width 
of the 95% confidence limits for each 1976 biomass estimate (ex- 
pressed as a percentage of the estimated total biomass) was 
overall, + 44%; April, + 163%; May, +69%; and June, +44%. 
In comparison, the overall relative variance observed in the 1975 
survey estimate for yellowfin sole was + 16%. 

During April, May, and June, approximately 79% (range 
75-86%) of the apparent population biomass was distributed in 
survey subarea 1. 


Size composition. — Yellowfin sole taken during the 1976 spring 
trawl survey ranged from 5 to 44 cm TL, with an overall mean 
total length of 22.5 cm (based upon 39,352 field measurements, 
Fig. 38). 

In general, the size-frequency distributions were remarkably 
symmetrical and similar among all geographical regions of the 
survey area. Populations in inner shelf subareas 1, 4S, and 4N 
showed the broadest size range, with higher proportions of small, 
young individuals (<10 cm). Mean total length and the size range 
in each area were subarea 4N, 19.1 cm (8-41 cm); subarea 4S, 21.3 


"Wakabayashi, K. 1975. Studies on resources of the yellowfin sole in the 
eastern Bering Sea. II. Stock size estimated by the method of virtual population 
analysis and its annual changes. Fishery Agency of Japan, Far Seas Fisheries 
Research Laboratory, 1000 Orido, Shimizu 424, Japan, 22 p. 
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Figure 38.—Size composition of yellowfin sole taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The category sexes 
combined includes male, female, and undetermined. 


cm (9-44 cm); subarea 1, 22.8 cm (5-39 cm); subarea 3N, 25.9 cm 
(23-35 cm); subarea 3S, 24.3 cm (15-41 cm); and subarea 2, 22.9 
cm (10-39 cm). 

Sampling stations with particularly high proportions ( >50% of 
all yellowfin sole taken) of small-sized (< 20 cm) individuals were 
located in inner Bristol Bay during May and along the northern 
boundaries of subareas 4S and 4N during June. These latter sta- 
tions showed relatively high proportions of individuals sized 16-18 
cm. 


Age composition.—Totals of 507 male and 600 female sac- 
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cular otoliths were collected from yellowfin sole in the size range 
13-36 cm. The observed ranges in ages were males, 3-16 yr, and 
females, 3-21 yr. 

Although the overall estimates of yellowfin sole total popula- 
tion abundance were apparently badly biased by the effects of 
migration, the overall estimated numbers of individuals at each 
length were used as the best estimators of relative age-frequency 
distribution. This analytical approach assumed that even if sam- 
pling problems caused overestimation of total population abun- 
dance, the effects may have been fairly uniformly distributed 
among all size and age groups. The validity of this assumption can 


Table 28.—Estimated population size of yellowfin sole age groups and year classes within survey subareas of the 
eastern Bering Sea, 1976 spring trawl survey.’ 


<3 4 5 6 7 8 9 10 
Subarea? — 1972 1971 1970 1969 1968 1967 1966 
wenn nn nn nn nn nnn nn neem enna enna enna en en en nnne millions of fish  ---------------------------------------------- 
Inner shelf 
4N 11.0 58.4 103.5 128.3 77.3 38.2 35.9 17.5 
4S 36.9 89.1 204.6 377.9 381.4 219.2 203.2 96.2 
1 (69.2) (119.0) (546.5) (1,607.2) (2,139.2) (1,658.4) = (1,637.2) (765.8) 
Outer shelf 
3 = 0.4 11.4 72.2 131.7 130.6 138.8 71.5 
2 (0.1) (13.0) (147.5) (564.8) (819.0) (616.2) (593.9) (284.4) 
All subareas 
combined (117.2) (279.9) (1,013.5) (2,750.4) (3,548.6) (2,662.6) (2,609.0) (1,235.4) 
Proportion 
of total 0.008 0.018 0.066 0.178 0.230 0.173 0.169 0.080 
11 12 13 14 15 16 217 Age All ages 
Subarea 1965 1964 1963 1962 1961 1960 — unknown combined 
wasn nmn nnn nnn nnn n nnn nn nnn nnn c nnn nn enn ennnnnn millions of fish  ---------------------------------------------- 
Inner shelf 
4N 5.4 5.8 3.6 1.8 2.0 0.1 0.2 0.9 489.9 
4S 32.8 33.2 21.6 13.0 12 1.4 1.3 6.6 1,729.6 
1 (239.7) (205.4) (121.5) (68.5) (57.8) (5.8) (2.7) (4.5) (9,248.4) 
Outer shelf 
3 23.1 21.1 13.1 12, 6.1 0.7 0.4 0.9 629.2 
2 (92.9) (82.6) (49.5) (27.3) (23.3) (3.1) (1.2) (2.3) (3,321.1) 
All subareas 
combined (393.9) (348.1) (209.3) (117.8) (100.4) (11.1) (5.8) (15.2) (15,418.2) 
Proportion 
of total 0.026 0.023 0.014 0.008 0.007 0.001 <0.001 0.001 


‘Parentheses indicate estimates that may be badly biased due to sampling problems. 


*See Figure 3. 


only be evaluated by comparisons with independent estimates of 
age composition from other stock assessment programs. 

The numbers of individuals within each age group of the sam- 
pled population (available to capture by trawling) are summarized 
in Table 28. The estimates from geographical subareas 1 and 2, 
and also all subareas combined, are considered to be biased due to 
sampling errors caused by the effects of migration. But if biases 
were not age specific, the proportion of each age group within the 
available population may still be estimated with relative accuracy. 
The relative age-frequency distributions observed in different geo- 
graphical regions of the study area are compared in Figure 39. 

In general, major features of the age composition observed in 
all geographical subareas were quite similar, although some dif- 
ferences were evident. Overall, 75.0% of the apparent population 
was distributed within age groups 6, 7, 8, and 9 yr. In subareas 4N 
and 4S, the proportions of the apparent populations that were 5 
yl or younger were approximately a factor of 4-7 times higher 
than observed in the other geographical regions. In subareas 3N 
and 3S, the apparent population was composed of relatively 
higher proportions of age groups 8 and older than in all other 
areas. 


Sex ratio.—Proportions of females in the apparent yellowfin 
sole population are summarized in Table 29. The overall propor- 
tion of females was 0.52, and females predominated in all geo- 
graphical regions except subarea 1. There were no evident age- 
related trends in sex ratio. 


Length-weight relationship.—A total of 506 individuals from 
the yellowfin sole populations in otolith areas A and C (Fig. 4) 
were measured for total length and weight (Table 30, Fig. 40). The 
length-weight relationships of male and female populations in 


Bp) 


otolith area A significantly differed, with females approximately 
1-9% heavier at each length than males. 

Geographical differences were also observed between popula- 
tions in otolith areas A and C. Up to approximately 20 cm TL, 
both males and females showed significantly higher weights-at- 
length (up to 48% heavier at 10 cm length) in otolith area A. At 
sizes > 20 cm, males and females had higher weights-at-length in 
otolith area C. 


Age-length relationship and growth.—A total of 1,007 
yellowfin sole otoliths were collected in otolith area A and 100 in 
otolith area C. Results of the growth curve fittings are sum- 
marized in Table 31. Male and female populations had very 
similar growth characteristics, although females showed a slightly 
higher growth completion rate and approximately 1% larger 
asymptotic total length (Fig. 41). 


Rock sole. 


Distribution and abundance.—Rock sole were widely 
distributed along the outer continental shelf and the Alaska 
Peninsula into Bristol Bay (Fig. 42). Overall, rock sole were taken 
at 235 (54.0%) of the 435 grid stations, at a mean abundance of 
11.81 kg/km trawled (Table 32). Centers of high density were lo- 
cated in subarea 2 (north of Unimak Island and southeast of St. 
George Island), subarea 4S (directly east of the Pribilof Islands), 
and subarea 1 (directly off Port Moller). In general, catch rates 
were low throughout other regions of the observed range. 

The total apparent population biomass was 236,000 t (95% 
confidence limits 80,000-392,000 t), approximately 39% larger 
than the estimate of 170,000 t from the 1975 survey (Pereyra et al. 
see footnote 2). While it is difficult to assess the true accuracy of 
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Figure 39.—Relative age composition of yellowfin sole taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 
3). The category sexes combined includes male, female, and undetermined. 


Table 29.—Proportions of females in the apparent yellowfin sole population by age group and geographical area, 1976 Bering 
Sea spring trawl survey.' 


Age group (yr) 


All ages 
Subarea* <3 4 5 6 a 8 9 10 11 12 13 14 15 16 combined 
wana n nn nnn nnn nnn n anna enna Proportion of females  -----------------------------------------------=-- 
Inner shelf 
4N 0.51 0.61 0.62 0.52: 0.57 0.59 0.65 0.75 0.58 0.58 0.62 0.66 0.81 0.43 0.59 
4S 0.43 0.52 0.53 0.52 0.58 0.61 0.68 0.76 0.60 0.58 0.72 0.69 0.81 0.27 0.58 
1 0.42 0.61 0.51 0.51 0.46 0.42 0.47 0.53 0.33 0.36 0.42 0.56 0.58 0.57 0.47 
Outer shelf 
3 — 0.88 0.59 0.68 0.60 0.59 0.62 0.68 0.51 0.53 0.59 0.71 0.71 0.20 0.62 
2 0.50 0.97 0.58 0.62 0.56 0.54 0.57 0.64 0.43 0.44 0.56 0.53 0.61 0.28 0.57 
All subareas 
combined 0.44 0.60 0.54 0.54 0.51 0.48 0.52 0.58 0.39 0.41 0.49 0.58 0.63 0.37 0.52 


‘Based upon sampled individuals for which sexes could be determined. 


*See Figure 3. 


Table 30.—Length-weight relationships observed for yellowfin sole during the 1976 Bering Sea 
spring trawl survey, with testing for between-area and betweea-sex differences. 


TL 
Otolith Number __ range Length-weight coefficients Predicted weight-at-length 
Sex area' sampled (cm) a b 10cm 20cm 30cm 
wencenceeee grams ------------- 
Males A 180 9-33 0.0226 2.7504 12.7 85.5 260.9 
S 33 16-27 0.0044 3.2909 8.6 84.7 — 
Both areas 
combined 213 9-33 0.0208 2.7790 12.4 85.6 264.2 
Females A 193 10-37 0.0195 2.8197 12.8 90.8 284.9 
Cc 100 17-34 0.0058 3.2162 95 88.9 327.6 
Both areas 
combined 293 10-37 0.0168 2.8698 12.4 91.1 291.9 
Overall 506 9-37 0.0172 2.8532 12.2 88.7 282.2 
Analysis of covariance 
Slope (b) Common means 
df F ratio df F ratio 
Males between areas A and C 1:209 103% _ = 
Females between areas A and C 1:289 LOSS _— = 
Between sexes in area A 1:369 1.1 1:370 16.9 
Between sexes in area C 1:129 0.2 1:130 3.3 
‘See Figure 4. 
7** = P <0.01. 


the two estimates, the 1976 spring survey estimate may have been 
biased high—similar to yellowfin sole—by effects of inshore 
migration (Shubnikov and Lisovenko 1964). The distribution of 
apparent population biomass during the 1976 survey was subarea 
2, 46.9%; subarea 4S, 32.9% (resulting from high catch rates 
along the subarea’s western boundary); and subarea 1, 14.3% 
(Table 32). 

The total number of rock sole within the study area (available 
to the trawl) was estimated to be 928.9 million individuals, distrib- 
uted among geographical regions similar to the apparent biomass. 


Size composition.—Rock sole ranged from 6 to 48 cm TL, with 
an overall mean total length of 27.8 cm (based upon 10,561 field 
measurements; Fig. 43). In general, the observed size-frequency 
distributions were similar among all geographical areas. In all 
areas, the frequency distributions for male populations were 
shifted toward small sizes, with mean total lengths approximately 
86% (range 85-90%) those of the female populations. 

Populations in subareas 4S and 2 Slope had the largest mean 
total lengths (31.3 and 30.4 cm). Populations in subareas 1, 2, and 
3S showed smaller size distributions (mean total lengths 26.0, 


27.0, and 27.0 cm) due to relatively higher proportions of small, 
young individuals (< 24 cm). Particularly broad size ranges were 
observed in subarea 2 (6-48 cm) and subarea 1 (1247 cm). Trawl- 
ing stations with high proportions ( >50% of all rock sole taken) 
of small (<24 cm) individuals were primarily located directly 
north of the Alaska Peninsula, between Unimak Island and Port 
Moller. 


Age composition.—Estimates of age-frequency distribution 
were based upon an overall collection of 252 male and 451 female 
saccular otoliths. The ranges in ages were males, 3-14 yr, and 
females, 3-16 yr. The estimated number of individuals in each age 
group (available to the trawl) are summarized in Table 33. 
Overall, 79.4% of the apparent population was represented 
within age groups 6-10 yr. 

Relative age distributions between geographical areas and sexes 
are compared in Figure 44. In all areas, female populations were 
relatively older than males; overall, 25.7% of females were older 
than 10 yr, compared to only 2.0% of males. 

The proportional representation of each age group was quite 
variable between different geographical areas. In subareas 4S and 
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Table 31.—Parameters of the von Bertalanffy growth curves for yellowfin sole by sex, 1976 Bering Sea spring 


trawl survey. 
Number Age ANE, 
Otolith of age range range 
Sex areas' Data set readings (yr) (cm) 
Male AC. All ages 507 3-16 13-36 
Selected ages 0, 4-12 0, 13-33 
Female AC All ages 600 3-21 13-36 
Selected ages 0, 4-14 0, 13-36 
'See Figure 4. 
40 
@ Male 
@ Female 
30 
oS . 
ae 
= 
Oo 
2 
i 20 a 
= 
tl 
<x 
Oo 
- fa 
10 
—1 0O 5 10 


AGE (year) 


Standard 


error of 

curve fit 
1.19 
0.31 
0.68 
0.66 


Leo 
37.37 
31.88 


32.81 
32:23 


Parameters 
K to 
Ol =1.13 
0.17 _09.02 
0.16 —0.06 
0.18 0.10 
15 


Female 


Male 


20 


Figure 41.—Von Bertalanffy growth curves for yellowfin sole taken during the 1976 Bering Sea spring trawl survey (selected ages). Symbols indicate the 


mean length at each age. 
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Table 32.—Estimated biomass and population numbers of rock sole by subarea and for all subareas combined, 1976 Bering 
Sea spring trawl survey. 


Proportion Proportion ; 
Percentage Mean Estimated of total Estimated of total Mean size 
frequency of CPUE biomass estimated population estimated Weight TL 
Subarea' occurrence (kg/km) (t) biomass (millions) population (kg) (cm) 
Inner shelf 
4N 9.1 0.39 721 0.003 1.6 0.002 0.454 _— 
4S 23.2 17.99 77,708 0.329 218.2 0.235 0:356: 31.3 
1 49.0 6.86 33,643 0.143 158.1 0.170 0.213 26.0 
Outer shelf 
and slope 
3 67.5 2.67 12,514 0.053 58.4 0.063 0.214 27.0 
3 Slope 45.5 0.26 51 < 0.001 0.1 <0.001 0.415 — 
2 87.6 29.67 110,781 0.469 490.5 0.528 0.226 27.0 
2 Slope 22.5 1.52 649 0.003 2.1 0.002 0.314 30.4 
All subareas 
combined 54.0 11.81 236,067 928.9 0.254 = 27.8 
‘See Figure 3. 


295% confidence limits: 79,984-392,151 t. 


Table 33.—Estimated population size of rock sole age groups and year classes within survey subareas of the eastern Bering Sea, 1976 spring 


trawl survey. 
<3 4 5 6 7 8 9 10 11 12 13 14 155 > 16) Age All ages 
Subarea' — 1972 1971 1970 1969 1968 1967 1966 1965 1964 1963 1962 1961 — unknown combined 
wana nn anna nnn n nanan nnn nn nnn nnn nnn nnn nnn nnn nnn nena nan millions of fish  --------------------------------------------------------0---0=07-- 
Inner shelf 
4S _— — 1.17 1495 23.75 21.00 41.00 48.11 36.67 19.22 2.94 2.04 1.67 1.33 1.32 218.17 
1 4.28 3.67 6.64 43.11 27.87 13.03 19.93 18.33 13.40 5.43 0.92 0.76 0.35 0.21 0.14 158.07 
Outer shelf 
and slope 
3S —_— — 0.37 26.09 13.36 7.73 6.85 1.74 0.14 0.37 — _ _— — 1.19 58.39 
2 5.74 1.23 9.78 109.01 96.14 53.52 80.79 67.83 45.29 14.79 1.97 1.57 0.55 0.46 1.85 490.52 
2 Slope — — 0.01 0.16 0.23 0.22 0.41 0.48 040 0.12 0.02 0.02 _— — 0.01 2.07 
All subareas 
combined 10.02 4.90 17.97 193.32 161.35 95.50 148.98 136.49 98.90 39.93 5.85 4.39 2.57 2.00 4.51 928.93 
Proportion 
of total 0.011 0.005 0.019 0.209 0.174 0.103 0.161 0.147 0.107 0.043 0.006 0.005 0.003 0.002 0.005 
‘See Figure 3. 


2 Slope, the relative age distributions (sexes combined) were skewed 
toward large, old (9, 10, and 11 yr) individuals. In subareas 1, 3S, 
and 2, age groups 6 and 7 were predominant. 


Sex ratio.—The overall proportion of rock sole females was 
0.55, with females more abundant than males in all geographical 
areas (Table 34). Females dominated all age groups for subareas 
combined except 6, 8, and 9 yr. Age groups 4, 11 yr, and older 
were represented by particularly high proportions of females. 


Length-weight relationship.—A total of 707 individuals from 
the rock sole populations in otolith areas A, B, and D were 
measured for total length and weight (Table 35, Fig. 45). The 
length-weight relationships of both male and female populations 
significantly differed among the three regions. For both sexes, 
heaviest weights-at-length were observed along the outer con- 
tinental shelf in otolith areas B and D, followed by inner shelf 
otolith area A. 

Significant differences were also found between male and 
female populations in otolith areas A and D. In otolith area A, 
females were approximately 24-36% heavier at length than males. 
In otolith area D, females were approximately 13-69% heavier at 
length. 


The overall relationship (Ww = 0.0026 L?-*''*) was used for all 
computations of population numbers. 


Age-length relationship and growth. —Age-length keys result- 
ing from the 703 rock sole age determinations were developed and 
the mean total length of age groups was determined. The total 
number of otoliths collected in each area was otolith area A, 277; 
otolith area B, 280; and otolith area D, 146. The data from otolith 
areas A and B were combined to create a more complete age- 
frequency table for the geographical regions of highest population 
abundance. 

Results of the growth curve fittings are summarized in Table 36. 
The data sets with selected ages seemed to give the best parameter 
values, although the curve fittings for males and females in otolith 
area D were determined using only three mean lengths-at-age. 

Overall (i.e., for otolith areas A, B, and D combined), male 
rock sole showed a faster relative growth completion rate than 
females, although the male asymptotic total length was only 85% 
that of females (Table 36; Fig. 46). 

Comparisons of apparent growth characteristics between geo- 
graphical regions are shown in Figure 47. Although the small 
number of data points representing otolith area D certainly limits 
conclusions, at the ages for which data were available from both 


Table 34.—Proportions of females in the estimated population of rock sole by age group and geographical area, 1976 
Bering Sea spring trawl survey.’ 


All 

ages 

Age group (yr) eae 

Subarea? <3 4 5 6 7 8 9 10 11 12 13 14 1516 bined 

nanan near nanan anna nnn nn nena naan nnn nanan nna Proportion of females  ------------------------------------------------ 
Inner shelf 

4S — — 041 0.50 0.51 0.44 0.43 0.61 0.93 0.99 1.00 0.77 1.00 1.00 0.63 

1 0.75 1.00 0.65 0.55 0.50 0.38 0.34 0.57 0.96 0.98 — 0.93 1.00 1.00 0.53 
Outer shelf 
and slope 

3S) —_— — 0.21 0.53 0.53 0.11 0.82 0.97 1.00 100 — — — — 0.53 

y 0.49 1.00 0.62 0.48 0.55 0.41 0.34 0.51 0.91 0.94 1.00 0.58 1.00 1.00 0.51 

2 Slope — — 1.00 0.86 0.90 0.87 0.85 0.93 0.98 0.99 1.00 0.88 — = 0.92 
All subareas 

combined 0.63 1.00 0.63 0.50 0.56 0.30 0.43 0.61 0.93 0.98 1.00 0.75 1.00 1.00 0.55 


‘Based upon sampled individuals -for which sexes could be determined. 


See Figure 3. 


Table 35.—Length-weight relationships observed for rock sole during the 1976 Bering Sea spring 
trawl survey, with testing for between-area and between-sex differences. 


Length-weight coefficients Predicted weight-at-length 


TL 

Otolith Number range 
Sex area’ sampled (cm) 
Males A 80 12-32 
B 129 23-39 
D 80 21-33 

All areas 
combined 289 12-39 
Females A 136 13-45 
B 187 24-43 
D 95 19-38 

All areas 
combined 418 13-45 
Overall 707 12-45 


Analysis of covariance 


Males between areas A, B, and D 
Females between areas A, B, and D 
Between sexes in area A 

Between sexes in area B 

Between sexes in area D 


‘See Figure 4. 
7#* = P <0.01. 


geographical regions both male and female populations showed 
larger mean total lengths in this area. 


Flathead sole. 


Distribution and abundance.—Fiathead sole were widely dis- 
tributed along the outer continental shelf at bottom depths 
>75-90 m, with only scattered low-density occurrences in 
shallower inner-shelf areas (Fig. 48). Overall, flathead sole were 
taken at 220 (50.6%) of the 435 grid sampling stations, at a mean 
abundance of 4.95 kg/km trawled (Table 37). A single large con- 
centration centered in subarea 2, between St. George and Unimak 
Islands, accounted for most of the estimated population biomass. 
Although commonly taken in other areas of the outer continental 
shelf and slope (subareas 3N, 3S, 2 Slope, and 3 Slope), densities 
in those areas were relatively low. 


— a NN 


a b 10cm 20cm 30cm 
eee grams) 

0.0040 3.1908 6.1 56.5 206.3 
0.0082 3.1038 10.4 89.7 315.8 
0.0032 3.3302 6.7 68.1 262.9 
0.0013 3.6144 5.3 65.2 282.3 
0.0063 3.1217 8.3 72.2 256.1 
0.0057 3.2170 9.3 86.7 319.5 
0.0122 2.9693 11.3 89.0 296.8 
0.0049 3.2333 8.4 79.2 294.1 
0.0026 3.4113 6.7 71.9 286.9 


Tests for differences? 


Slope (5) Common means 
df F ratio df F ratio 
283 0.22 2:285 80.9** 
412 1.67 2:414 74.6** 
:212 0.20 1:213 36.6** 
312 0.71 1:313 0.07 
171 2.70 1:172 38.5** 


The total apparent population biomass of flathead sole within 
the study area was 99,400 t (95% confidence limits 63 ,800-135,000 
t, approximately 88% of the 1975 survey estimate of 113,000 t 
(Pereyra et al. see footnote 2). The distribution of biomass 
among geographical regions was subarea 2, 83.9%; subareas 3N 
and 3S, 10.3%; subareas 2 Slope and 3 Slope (combined), 3.5%; 
and all inner shelf subareas (combined), 2.3%. 

The total number within the 1976 study area (available to the 
trawl) was estimated to be 440.1 million individuals. The distribu- 
tion of population numbers among geographical areas was essen- 
tially the same as apparent population biomass. 


Size composition. —Flathead sole taken during the 1976 spring 
survey ranged from 8 to 50 cm TL, with an overall mean total 
length of 27.5 cm (based upon 6,479 field measurements; Fig. 49). 
In all subareas, male populations were composed of smaller sized 
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Figure 43.—Size composition of rock sole taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The category sexes com- 
bined includes male, female, and undetermined. 
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Figure 44.—Relative age composition of rock sole taken during the 1976 Bering Sea spring trawl survey, by sex and 
geographical area (see Fig. 3). The category sexes combined includes male, female, and undetermined. 
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Table 36.— Parameters of the von Bertalanffy growth curves for rock sole by sex and otolith area, 1976 Bering Sea 
spring trawl survey." 


Otolith 
Sex areas! 
Male AB 
D 
ABD 
Female AB 
D 
ABD 
‘See Figure 4. 
@ Male 
@ Female 


Data set 
All ages 
Selected ages 
All ages 
Selected ages 
All ages 
Selected ages 
All ages 
Selected ages 
All ages 
Selected ages 
All ages 
Selected ages 


Number Age TL 
of age range range 
Teadings (yr) (cm) 
182 3-14 14-39 
0, 6-11 20-37 
70 5-10 21-33 
0, 6-8 21-33 
252 3-14 14-39 
0, 6-11 20-37 
375 3-16 14-45 
0, 6-12 18-45 
76 5-12 19-38 
0, 6-9 22-34 
451 3-16 14-45 
0, 6-12 18-45 

@ 
5 

AGE (year) 


Standard 
error of 
curve fit 


1.20 
1.04 
0.65 
0.71 
1.20 
0.94 
1.34 
0.56 
1.88 
0.08 
1.34 
0.47 
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Parameters 
K 
0.22 
0.15 
0.17 
0.20 
0.23 
0.16 
0.10 
0.12 
0.49 
0.16 
0.10 
0.13 


Female 


Male 


15 


Figure 46.—Von Bertalanffy growth curves for male and female rock sole, 1976 Bering Sea spring trawl survey (selected ages). Symbols indicate the 
mean length at each age. 
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Figure 47.—Von Bertalanffy growth curves for rock sole taken during the 1976 Bering Sea spring trawl 
survey, by sex and otolith area (see Fig. 4). Symbols indicate the mean length at each age. 
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Figure 49.—Size composition of flathead sole taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The category sexes 
combined includes male, female, and undetermined. 
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Table 37.—Estimated biomass and population numbers of flathead sole by subarea and for all subareas combined, 1976 
Bering Sea spring trawl survey. 


Proportion Proportion : 
Percentage Mean Estimated  oftotal Estimated _off total Mean size 
frequency of CPUE biomass estimated population _ estimated Weight TL 
Subarea' occurrence (kg/km) (t) biomass (millions) —_ population (kg) (cm) 
Inner shelf 
4N 22.7 0.07 128 0.001 0.7 0.002 0.183 — 
4S 17.9 0.08 356 0.004 2:5 0.006 0.145 — 
1 25.0 0.36 1,769 0.018 4.8 0.011 0.369 = 31.7 
Outer shelf 
and slope 
3 68.4 2.18 10,255 0.103 63.6 0.145 0.161 25.0 
3 Slope 90.9 2.43 471 0.005 1.9 0.004 0.244 28.6 
7) 75.3 22.34 83,437 0.839 358.2 0.814 0.233 27.8 
2 Slope 57.5 7.06 3,014 0.030 8.4 0.019 0.361 = 32.2 
All subareas 
combined 50.6 4.95 299,430 440.1 0.226 927.5 
'See Figure 3. 


795% confidence limits: 63,848-135,012 t. 


individuals than female populations (overall mean total length: 
Males, 26.9 cm; females, 28.4 cm). Female populations showed 
higher proportions of individuals >30-35 cm TL. 

Differences in size composition were also evident between geo- 
graphical areas. Largest mean total lengths (sexes combined) were 
observed in subareas 2 Slope, 1, and 3 Slope. Populations in 
subareas 2 and 3S (sexes combined) showed both the largest size 
ranges and smallest individuals (size ranges: Subarea 2, 8-50 cm; 
subarea 3S, 9-48 cm). 


Age composition.—Estimates of age-frequency distribution 
were based upon an overall collection of 183 male and 209 female 
saccular otoliths from areas B and D. The observed ranges in age 
were males, 3-15 yr; females, 3-19 yr. 

The age composition of each apparent population is summar- 
ized in Table 38, excluding subareas 3N, 4S, and 4N because no 
length-frequency data were collected. Despite these excluded 
areas, Table 38 includes 435.8 million (99.0%) of the estimated 
440.1 million individuals of the overall population (Table 37). 

Relative age distributions between sexes and geographical areas 
are compared in Figure 50. Age groups 7, 8, and 9 yr were impor- 
tant in all subareas, accounting for 63.8% of the total apparent 
population. In subareas 1 and 2 Slope, relatively large propor- 
tions of the populations were aged 9 yr or older (40.1% and 


45.9%, respectively): Relatively large proportions of young in- 
dividuals (<6 yr) were observed in outer shelf subareas 3S 
(30.9%) and 2 (17.2%). 


Sex ratio. —The overall proportion of females was 0.41 (Table 
39). Although males were more abundant than females in all areas 
of the continental shelf (subareas 1, 2, and 3S), females 
predominated in deep water (i.e., in subareas 2 Slope and 3 
Slope). With the exception of the 6-yr age group, males were more 
abundant than females at all ages in combined subareas. 


Length-weight relationship.—A total of 316 individuals from 
the populations in otolith areas B and D were measured for total 
length and weight (Table 40, Fig. 51). The overall observed rela- 
tionship was W = 0.0053 L-!7*, 

Male and female populations showed statistically significant 
differences between geographical regions in the slopes of their 
length-weight linear regression lines. At sizes less than approx- 
imately 20 cm, individuals of both sexes were heavier at length in 
otolith area D. At larger total lengths, individuals were heavier in 
otolith area B. 

A statistically significant difference was also found between 
male and female populations in otolith area B. At >13 cm TL, 
male flathead sole were 1-25% heavier at length than females. 


Table 38.—Estimated populstion size of flathead sole age groups and year classes within survey subareas of the eastern Bering Sea, 
1976 spring trawl survey.’ 


=2 3 ~ 5 6 7 
Subarea? — 1973 1972 1971 1970 1969 
Inner shelf 
1 0.10 0.21 — 0.01 0.71 
Outer shelf 
and slope 
3S 0.06 0.64 0.29 10.48 7.85 26.69 
3 Slope = _ — 0.03 0.07 0.71 
2 2.57 4.53 1.41 31.7 21.47 112.89 
2 Slope — 0.05 0.01 0.07 0.09 1.39 
All subareas 
combined 2.73 5.43 1.71 42.32 29.49 142.39 
Proportion 
of total 0.006 0.012 0.004 0.097 0.068 0.327 


8 9 10 11 =12 Age All ages 
1968 1967 1966 1965 — unknown combined 
millions of fish 9 -——--—----—-----____---_______-______-________-__----- 
0.91 0.93 0.28 0.35 1.30 — 4.80 
10.65 3.20 0.92 0.78 0.90 0.06 62.52 
0.53 0.28 0.09 0.08 0.13 = 1.92 
74.07 41.55 17.11 21.68 28.02 1.18 358.22 
1.60 1.30 0.69 1.16 1.82 0.16 8.34 
87.76 47.26 19.09 24.05 32.17 1.40 435.80 
0.201 0.108 0.044 0.055 0.074 0.003 


‘Populations in subareas 3N, 4S, and 4N are not included because no length-frequency data were collected. 


*See Figure 3. 
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Table 39.—Proportions of females in the estimated population of flathead sole by age group and geographical 


Age group (yr) 
Subarea? <2 3 4 5 6 i 8 C) 
wane nnn n nnn nn nena cena nnn nn nn nnee Proportion of females -------- 
Inner shelf 
1 — 050 — — 1.00 0.40 0.18 0.23 
Outer shelf 
and slope 
3S — 0.41 0.51 0.42 0.51 0.53 0.44 0.52 
3 slope — — =) (0:76) 10:83." (0.70) 10:53") 10:47 
2 — 0.36 0.47 0.43 0.53 0.40 0.33 0.33 
2 slope — 0.24 0.00 0.52 0.81 0.72 0.74 0.69 
All subareas 
combined — 0.37 0.48 0.43 0.52 0.43 0.36 0.35 


area, 1976 Bering Sea spring trawl survey.' 


All ages 
10 1 212 combined 
0.50 0.25 0.87 0.45 
0.43 0.32 0.45 0.49 
0.54 0.30 0.56 0.60 
0.45 0.25 0.44 0.38 
0.83 0.70 0.85 0.75 
0.47 0.26 0.48 0.41 


'Based upon sampled individuals for which sexes could be determined. Populations in subareas 3N, 4S, and 
4N are not included because no length-frequency data were collected. 
See Figure 3. 


Table 40.—Length-weight relationships observed for flathead sole during the 1976 Bering Sea spring trawl survey, 
with testing for between-area and between-sex differences. 


Otolith Number Es Length-weight coefficients Predicted weight-at-length _ 
Sex area’ sampled (cm) a b 10cm 20cm 30cm 
nec nnccennennnee grams ----------------- 
Males B 112 14-35 0.0038 3.2946 7.4 72.6 276.4 
D 70 13-34 0.0085 3.0319 9.1 74.7 255.4 
Both areas 
combined 182 13-35 0.0043 3.2544 7.6 72.8 272.7 
Females B 65 10-39 0.0054 3.1593 7.8 69.7 251.1 
D 69 10-38 0.0101 2.9680 9.3 Wels! 243.6 
Both areas 
combined 134 10-39 0.0073 3.0696 8.5 71.6 248.9 
Overall 316 10-39 0.0053 3.1784 8.0 72.6 263.6 
Analysis of covariance 
Tests for differences? 
Slope (b) Common means 
df F ratio df F ratio 
Males between areas B and D 1:178 Hele — — 
Females between areas B and D 1:130 6.70* = _ 
Between sexes in area B 1:173 3.49 1:174 36.6** 
Between sexes in area D 1:135 0.39 1:136 3.39 


‘See Figure 4. 
** =P <0.05, ** = P =0.01. 


Age-length relationship and growth. —Because only a limited 
number of otoliths were collected in otolith areas B (262) and D 
(130), data from the two areas were combined to create more 
complete age-frequency tables. Results of the growth curve fit- 
tings are summarized in Table 41 and Figure 52. Male flathead 
sole showed a faster growth completion rate (see Equation (24)) 
than females, although the male asymptotic total length (selected 
ages) was only 70.1% that of females. 


Pacific cod. 


Distribution and abundance.—Pacific cod were widely dis- 
tributed over the study area, being taken at 275 (63.2%) of the 435 
grid stations, at an overall mean abundance of 5.12 kg/km trawled 
(Table 42). High densities, on a weight basis (i.e., CPUE), were 
observed only along the outer continental shelf and slope (in 
subareas 2 Slope, 2, and 3 Slope) at bottom depths > 100-150 m 
(Fig. 53). In shallower areas (subareas 1 and 4S), juvenile cod (age 
1 yr) were abundant, but their weight density and total estimated 
biomass were low. 
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The total apparent population biomass of Pacific cod within 
the survey area was 102,300 t (95% confidence limits 
70,600-134,000 t). Although this value is a factor of 1.59 times 
larger than the 1975 survey estimate of 64,500 t (Pereyra et al. see 
footnote 2), both estimates may considerably underestimate true 
Pacific cod abundance within the study area. A primary cause of 
underestimation may have been low catchability. Since Pacific 
cod exhibit semidemersal behavior, only a portion of the popula- 
tion may have been vertically distributed so as to be available to 
bottom trawling (i.e., within 1.9-2.7 m of the bottom). During the 
period 1973-75, foreign fishing activities removed approximately 
60,000 t of Pacific cod from eastern Bering Sea and Aleutian 
Island waters per year, although not all of these catches were 
taken within the 1975 and 1976 study area boundaries. 

The distribution of apparent population biomass observed dur- 
ing the 1976 spring survey was 74.3% in subareas 2 and 2 Slope 
(combined), 24.2% in subareas 3N, 3S, and 3 Slope (combined), 
and only 1.5% in inner shelf subareas 1, 4S, and 4N (combined). 

The total number of Pacific cod within the study area (available 
to the trawl) was estimated to be 128.2 million individuals. In 
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Figure 50.—Relative age composition of flathead sole taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see 
Fig. 3). The category sexes combined includes male, female, and undetermined. 
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Table 41.—Parameters of the von Bertalanffy growth curves for flathead sole, 1976 Bering Sea spring trawl 


survey. 
Number Age TL Standard 
Otolith of age range range error of ____Parameters 
Sex area’ Data set _ readings (yr) (cm) curve fit fle K lo 

Male BD All ages 183 3-15 14-36 0.63 40.39 0.13 —0.50 
Selected ages 0, 5-11 18-36 0.41 39.14 0.15 0.03 
Female BD All ages 209 3-19 15-48 1.82 66.81 0.06 —0.97 
Selected ages 0, 5-11 18-40 0.67 55.87 0.10 0.11 


‘See Figure 4. 
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Figure 52.—Von Bertalanffy growth curves for male and female flathead sole, 1976 Bering Sea spring trawl survey (selected ages). Symbols indicate the 
mean length at each age. 
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Table 42.— Estimated biomass and population numbers of Pacific cod by subarea and for all subareas combined, 1976 Bering 
Sea spring trawl survey. 


Proportion Proportion 


Percentage Mean Estimated of total _— Estimated _off total Mean size 
frequency of CPUE biomass estimated population estimated Weight FL 
Subarea' occurrence (kg/km) (t) biomass (millions) population (kg) (cm) 
Inner shelf 
4N 59.1 0.02 41 < 0.001 1.2 0.009 0.034 = 
4S 66.1 0.12 534 0.005 20.9 0.163 0.026 = 13.2 
1 41.0 0.20 989 0.010 15.1 0.118 0.066 «18.4 
Outer shelf 
and slope 
3 60.7 4.59 21,496 0.210 11.0 0.086 1.953 52.5 
3 Slope 63.6 16.72 3,239 0.032 0.9 0.007 3.536 65.4 
2 84.3 17.21 64,285 0.629 73.1 0.570 0.879 = 37.1 
2 Slope 77.5 27.39 11,698 0.114 6.0 0.046 1.944 53.7 
All subareas 
combined 63.2 5.12 2102,282 128.2 0.809 33.2 
‘See Figure 3. 


795% confidence limits: 70,581 -133,983 t. 


comparison to the distribution of population biomass, 29.0% of 
the apparent population number were distributed in the inner 
shelf (subareas 1, 4S, and 4N); 9.3% in subareas 3N, 3S, and 3 
Slope; and 61.6% in subareas 2 and 2 Slope. 


Size composition.—Pacific cod ranged from 9 to 97 cm FL, 
with an overall mean fork length of 33.2 cm (based upon 3,938 
field measurements; Fig. 54). In general, three distinct types of 
size-frequency distributions were shown by populations in the dif- 
ferent geographical regions. In the inner shelf (subareas 1 and 4S), 
size distributions were unimodal and exclusively composed of 
small, 1-yr-old individuals (range in fork length: Subarea 1, 12-21 
cm; subarea 4S, 9-19 cm). In outer continental shelf subarea 2, 
where 63% of the apparent population biomass was located, the 
size distribution was trimodal (sexes combined) and included a 
broad size range (10-85 cm). The three principal modes—at fork 
lengths 17, 35, and 47 cm—approximately correspond to the 
mean fork lengths of the age 1, 2, and 3 yr populations. In 
subareas 3S, 3 Slope, and 2 Slope, Pacific cod populations were 
primarily composed of large (>45 cm) individuals. Mean fork 
lengths (sexes combined) in those areas were subarea 3S, 52.5 cm 


(range 21-97 cm); subarea 3 Slope, 65.4 cm (31-90 cm); and 
subarea 2 Slope, 53.7 cm (31-97 cm). 


Age composition.—Estimates of age-frequency distribution 
were determined from an overall collection of 200 male and 185 
female scale scrape samples. Scales were taken from the dorsal 
surface, below and lateral to the second dorsal fin. The ranges in 
ages observed were males, 1-6 yr, and females, 1-6 yr. 

The apparent number of individuals within each age group of 
the sampled population is summarized in Table 43. Although 
subareas 3N and 4N are excluded because no length-frequency 
data were collected, the estimates of age composition include 
126.96 million (99.0%) of the 128.21 million individuals of the 
overall apparent population (Table 42). 

The distribution of year-class populations was related to bot- 
tom depth (Fig. 55). Populations in inner shelf subareas 1 and 4S 
were exclusively composed of 1-yr-old individuals spawned in 
1975. In outer shelf subarea 2, 56% of the population was aged 1 
or 2 yr. In subareas 3S, 3 Slope, and 2 Slope, approximately 89% 
(range 84-97%) of the apparent populations were 3 yr of age or 
older. Overall, age groups 1 and 3 yr were most abundant. 


Table 43.—Estimated population size of Pacific cod age groups and year classes within 
survey subareas of the eastern Bering Sea, 1976 spring trawl survey.’ 


1 2 3 4 5 6 Age All ages 
Subarea? 1975 1974 1973 1972 1971 1970 unknown combined 
wooo nn ne nnn nn canna nnn nn nena enn millions of fish --------------------------------—- 
Inner shelf 
4S 20.86 — 20.86 
1 15.09 15.09 
Outer shelf 
and slope 
3S 0.54 1:52; | 4:59), 93218)" .0:95"% 10.08 0.08 10.94 
3 Slope <0.01 0.02 0.15 0.43 0.27 0.04 _ 0.91 
2 24.51 16.55 23.10 7.00 1.64 0.05 0.29 73.14 
2 Slope 0.03 0.65 3.02 1.80 0.42 0.01 0.09 6.02 
All subareas 
combined 61.03 18.74 30.86 12.41 3.28 0.18 0.46 126.96 
Proportion 
of total 0.481 0.148 0.243 0.098 0.026 0.001 0.004 


The populations in subareas 3N and 4N are not included because no length-frequency 


data were collected. 
*See Figure 3. 
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Figure 54.—Size composition of Pacific cod taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The category sexes 
combined includes male, female, and undetermined. 


Ua 


PACIFIC 


cob SEXES 
COMBINED 
p 100 60) 100 


wn 
S 
@ 
= 
D 
m 
> 
= 
Db 
p= 
m 
a 
m 
= 
Lb 
_ 
m 


oY 
(1) 
PERCENT 
-NWHOD 
DOOO00 
e) 
(oe) 
-NWOUD 
O9O0000 
—-NWHY 
90000 


w& 
J 
w 
= 
n 02468 02468 02468 
- 60) 00 So cite 60; 100 
2 5 50} 50 501 
= y 440} 404 40} 
= 304 304 303 
@ 204 204 20+ 
104 10 104 
02468 02468 02468 


OO) 
O98 


30 


ol 
PERCENT 
-N b 
(o) KS) [o) 
, pre rein 
-NMNWh OD 
CLOLOIOiS!O 
SS ee ee ee 
-~NWHRUD 
(COMM (OOS) 


ie) 
ne) 
b 
(op) 
@ 
[o) 
nm 
h 
(o>) 
@ 
(e) 
in) 
b 
ao 
@ 


oO. OD 
90 
heed 
uo OD 
(oy) 
re 

bhUO 

(2JMOE (o} 
rn 


scope $207 


204 


[@) 
in) 
£ 
o 
@ 
ie) 
nm 
L 
Oo 
@ 
( 

ine) 
LS 
o 
@ 


i 
i 


HOS} 
n 
ay 


(aloes) 
ar 
Sei ec 
@LOro < 
Te STE 


= 


OUTER SHELF AND SLOPE 
ol 
PERCENT 
299 
—-NMwt 
G9909¢ 
oF 
aos 2998 


Nm 
PERCENT 
-~-NWDHhOO 
OOO" O7O+O 

peeloems 


a 
~nmyWwband 


L 
Oo 
@ 

£ 

o 
@ 
fo) 
nm 

p 

D 

» 


©) 


JWoywa} 
ro ¥ 
o 

oO ¢ 


PERCENT 
-~nm wet Ao 
S850 5% 


SLOPE 


f 
5 
r 
Bb 
fen) 
a 
I 


n OD 
j 
>) 


One 


y 
ey 
n 


OVERALL 
PERCENT 

-=nNwWwW bu 
r WwW fs 

4 A 4 : 

-NMwW DS ¢ 


@ 
) 
) 

£ 
on] 
(oa) 


6 


£ 
®) 
x 
[o) 
ine) 
L 


AGE (YEAR) 


Figure 55.—Relative age composition of Pacific cod taken during the 1976 Bering Sea spring trawl 
survey, by sex and geographical area (see Fig. 3). The category sexes combined includes male, female, 
and undetermined. 


78 


In all areas of the outer continental shelf and slope, female 
populations showed slightly higher proportions of old ( > 4 yr) in- 
dividuals than male populations. 


Sex ratio.—The overall proportion of Pacific cod females was 
0.51 (Table 44). With the exception of subarea 4S, females were 
more abundant than males in all regions of the study area. Fe- 
males were also more abundant among all age groups, except age 


2 yr. 


Length-weight relationship. —A total of 650 individuals from 
the Pacific cod populations in otolith areas B and D were 
measured for fork length and weight (Table 45, Fig. 56). The 
overall observed relationship was W = 0.0072 L*:''**. Statistically 


Table 44.—Proportions of females in the estimated population of Pacific 
cod by age group and geographical area, 1976 Bering Sea spring trawl 


survey.' 
Age group (yr) All ages 
Subarea? 3 4 5 6 combined 
Inner shelf 
4S 0.32 — — _— - — 0.32 
1 0.61 = — — _— — 0.61 
Outer shelf 
and slope 
3S 0.37 0.49 0.54 0.56 0.39 0.96 0.52 
3 Slope 1200) 9100) 2 10:75e7510:72°) 10:91 1.00 0.74 
2 0'58) 10:37) (0!5372710:65, 0:65; 7 10:00 0.51 
Zislope, (0:75, 0:46-0:52. 0:62, 0:73. «100 0.55 
All subareas 
combined 0.51 0.38 0.53 0.62 0.59 0.54 0.51 


‘Based upon sampled individuals for which sexes could be determin- 
ed. Populations in subareas 3N and 4N are not included because no length- 


frequency data were collected. 
7See Figure 3. 


significant differences were observed in all comparisons of length- 
weight characteristics between populations. 

Both male and female populations showed differences between 
north and south geographical regions. Over the observed size 
range, females were 9-10% heavier at length in otolith area D than 
in otolith area B. Up to 65 cm FL, males were also 1-58% heavier 
at length in otolith area D, but above 65 cm FL, they were heavier 
in otolith area B. 

In otolith area B, males were increasingly (up to about 4%) 
heavier at length than females. In otolith area D, up to approx- 
imately 50 cm, males were heavier at length than females; at larger 
fork lengths, females were heavier. 


Age-length relationship and growth.—A total of 385 scale 
samples were collected, 215 from otolith area B and 170 from 
otolith area D. Data from the two areas were combined to create 
more complete age-frequency tables. Compared to other demersal 
fish species, Pacific cod showed remarkably rapid growth at all 
ages sampled. 

Results of the growth curve fittings are summarized in Table 46 
and Figure 57. In general, the results were poor and indicated like- 
ly problems in the determination of ages, particularly for the 
youngest and oldest age groups. 

Data sets including all ages did not fit the decaying exponential 
(von Bertalanffy) model. Within the male population, apparent 
growth was essentially linear with nearly constant growth in- 
crements (+8 to +10 cm) between age groups. The female 
population showed increasing growth increments with age, from 
+8.3 cm between ages 1 and 2 yr to +16.8 cm between ages 5 
and 6 yr. 

To compare these results with those from other studies of 
Pacific cod, Ketchen (1964) observed L,, and K values of 94.0 
cm and 0.27/yr from populations in northern Hecate Strait, and 
75.0 cm and 0.56/yr from the Strait of Georgia, British Columbia 
(fitting to combined data from both sexes in each study). 


Table 45.—Length-weight relationships observed for Pacific cod during the 1976 Bering Sea spring 
trawl survey, with testing for between-area and between-sex differences. 


FL Length-weight coefficents Predicted weight-at-length 
Otolith Number range 
Sex area! sampled (cm) a b 10cm 40cm 70cm 
wecnneoee grams ------------ 
Males B 213 31-74 0.0070 3.1213 9.2 697.0 3998.1 
D 60 32-90 0.0198 2.8693 14.6 780.8 3889.4 
Both areas 
combined 273 31-90 0.0079 3.0893 9.7 706.9 3982.7 
Females B 253 32-81 0.0074 3.0984 9.2 681.2 3857.8 
D 124 28-107 0.0078 3.1081 10.0 743.9 4235.8 
Both areas 
combined 377 28-107 0.0065 3.1412 8.9 695.2 4032.2 
Overall 650 28-107 0.0072 3.1125 9.3 701.4 4003.9 
Analysis of covariance 
Tests for differences? 
Slope (b) Common means 
df F ratio df F ratio 
Males between areas B and D 1:269 6.32* — — 
Females between areas B and D 1:373 0.19 1:374 3353 2% 
Between sexes in area B 1:462 0.17 1:463 4.77* 
Between sexes in area D 1:180 4.97* — — 


‘See Figure 4. 
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Table 46.—Parameters of the von Bertalanffy growth curves for Pacific cod, 1976 Bering Sea spring trawl survey.’ 


Number Age FL Standard 
Otolith of age range range error of Parameters 
Sex area’ Data set readings (yr) (cm) curve fit Loo K Ci 
Male BD Allages 200 1-6 28-76 1.24 (— 124.95) (— 0.05) (— 3.58) 
Selected ages 0, 2-4 30-75 0.72 86.94 0.25 0.01 
Female BD _ Allages 185 1-6 28-90 0.66 (3.61) (—0.22) (0.00) 
Selected ages 0, 2-5 31-90 2.55 140.25 0.13 0.07 
‘Parentheses indicate results where the von Bertalanffy model was inappropriate. 
*See Figure 4. 
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Figure 57.—Von Bertalanffy growth curves for male and female Pacific cod, 1976 Bering Sea spring trawl survey (selected ages). Symbols indicate the 
mean length at each age. 
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Alaska plaice. 


Distribution and abundance. —During the entire survey period, 
April-June 1976, Alaska plaice were taken over a broad, central 
region of the study area, from inner Bristol Bay to the outer conti- 
nental shelf (Fig. 58, 59). Although Alaska plaice were moderately 
abundant over their geographical range compared to most fish 
taxa, very high densities (> 200 kg/km trawled) were never ob- 
served. Overall, Alaska plaice occurred at 261 (60.0%) of the 435 
grid stations at a mean abundance of 12.19 kg/km (Table 47). 

However, like yellowfin sole, the Alaska plaice population was 
apparently migrating inshore during the survey period. In April, a 
large high-density concentration was encountered between 
Unimak Island and the pack ice edge. In May, after the ice edge 
had receded north and allowed fishing on the inner shelf, two ma- 
jor concentrations were encountered east of the Pribilof Islands. 
Two large high-density regions were also evident in June, west and 
southwest of Cape Newenham, in addition to smaller concentra- 
tions directly north of the Alaska Peninsula and in midshelf. By 
July and August, Alaska plaice showed only restricted low-density 
distributions in outer shelf subareas 2 and 3S. The overall ob- 
served pattern of spring migration followed the general descrip- 
tion of Fadeev (1965). 

Because survey sampling and the migrating Alaska plaice pop- 
ulation apparently progressed together, following spring recession 
of the pack ice, coverage of the population may have been fairly 
complete each month. As with yellowfin sole, population and bio- 
mass estimates were computed overall and for individual months 
of survey coverage (Table 47). 

The overall apparent population biomass for Alaska plaice was 
243,700 t (95% confidence limits 190,000-297,200 t); the estimated 
population was 856.4 million individuals. Estimates of population 
biomass obtained from sampling coverage during individual months 
were April, 83,700 t; May, 221,300 t; and June, 169,900 t (Table 47). 

Because of the sampling problems caused by inshore migration, 
all of the 1976 survey biomass estimates for Alaska plaice were of 
dubious accuracy. Compared to the 1975 survey estimate of 
127,000 t (Pereyra et al. see footnote 2), the 1976 biomass esti- 
mates obtained from the overall survey period, May, and June 
appeared to be high. For these cases, biasing may have resulted 


from oversampling of high-density concentrations, particularly in 
subarea 4S. 

Although the precision obtained in the 1975 and 1976 survey 
overall biomass estimates was approximately the same, the 1976 
monthly estimates were relatively imprecise. As a measure of rel- 
ative variance, the width of the 95% confidence limits for each 
1976 biomass estimate (expressed as a percentage of the estimated 
total biomass) was overall, +22%; April, +73%; May, +43%; 
and June, +36%. The relative variation observed in the 1975 
survey estimate for Alaska plaice was +20%. 

During May and June 1976, approximately 82% of the ap- 
parent population biomass was distributed in survey subareas 4S 
and 1. 


Size composition. — Alaska plaice taken during the 1976 spring 
survey ranged from 11 to 50 cm TL, with an overall mean total 
length of 28.3 cm (based upon 9,788 field measurements; Fig. 60). 
Similar size-frequency distributions were observed from all geo- 
graphical areas. Overall (sexes combined), individuals in the size 
range 25-31 cm TL accounted for 50.2% of the total apparent 
population. Small individuals (< 20 cm) occurred only in inner 
shelf subareas 1, 4S, and 4N. Largest size ranges were shown by 
the populations in subareas 4S (11-50 cm) and 1 (13-47 cm). 

In most subareas, male populations (overall size range 1141 
cm) were represented by smaller sized individuals than female 
populations (overall, 17-50 cm), with less variance in size about 
their mean total length. 


Age composition. —Estimates of the age-frequency distribution 
of Alaska plaice were limited by two problem areas: 1) Few age- 
length observations, with inadequate coverage of small indi- 
viduals, and 2) poor population estimates caused by sampling 
problems. 

Totals of 69 male and 88 female saccular otoliths were collected 
from Alaska plaice in the size range 2248 cm. The observed 
ranges in ages were males, 6-14 yr, and females, 6-16 yr. 

Although estimates of Alaska plaice population abundance 
were apparently biased by effects of migration, the overall 
estimated numbers of individuals at each length were used as best 
estimators of relative age-frequency distribution. 


Table 47.—Estimated biomass and population numbers of Alaska plaice in the Bering Sea by subarea and for all subareas combined during April, May, and June 1976.' 


Proportion of 


Percentage Mean size 
frequency of Mean CPUE Proportion of total Estimated population total estimated April-June 
occurrence April-June [ stimated bioniass (t) ; estimated biomass - (millions) population Weight TL” 
Subarea’* April-June (kg/km) April May June April May June April May June April May June (kg) (cm) 
Inner shelf 
4N 100.0 10.40 19,214 _ 0.113 — — 73.4 — — 0.129 0.262 27.5 
4S 100.0 29.07 (134,055) (90,947) — 0.606 0.535 — (434.0) (297.7) — 0.600 0.522 0.270 27.7 
1 80.0 10.71 40,453 47,211 49,440 0.483 0.213 0.291 173.2 149.9 162.9 0.551 0.207 0.286 0.323 29.6 
Outer shelf 
and slope 
3 50.4 1.92 2,306 8,888 10,318 0.028 0.040 0.061 4.8 28.6 36.1 0.015 0.040 0.063 0.302 29.0 
3 Slope — -- 
2 49.4 10.02 40,940 31,154 — 0.489 0.141 — 136.6 110.7 — 0.434 0.153 — 0.298 29.0 
2 Slope — = _ = — = = = = = 
All subareas 
combined 60.0 12.19 83,698 (221,307)? (169, 919) 314.6 (723.2) (570.0) 0.285 __ 28.3 


‘Parentheses indicate estimates that may be badly biased due to sampling problems. 


*See Figure 3. 

‘95% confidence limits: April: 22,632-144,764 t. 
May: 126,070-316,545 t 
June: 108,464-231,375 t. 
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Figure 58.—Distribution and relative abundance of Alaska plaice during the 1976 Bering Sea spring trawl survey (by weight): A) April; B) May. 
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Figure 59.—Distribution and relative abundance of Alaska plaice during the 1976 Bering Sea spring trawl survey (by weight): A) June; B) 
July-August. 
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Figure 60.—Size composition of Alaska plaice taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The category sexes 
combined includes male, female, and undetermined. 
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The apparent number of individuals within each age group of 
the sampled population (available to capture by trawling) is sum- 
marized in Table 48. While the results presented in Table 48 may 
be biased by sampling problems, the relative age-frequency 
distributions shown in Figure 61 may still be fairly accurately 
estimated, if biases were not age specific. 

Age groups 7, 8, and 9 yr accounted for 70.2% of the overall 
apparent population. Although the relative age-frequency distri- 
butions (sexes combined) were similar among all geographical 
regions, subareas 4S and 4N showed the highest proportions of 
young (<6 yr) individuals. 

Male and female populations differed in their apparent age- 
frequency distributions in that females showed higher proportions 
of both young (<6 yr) and old (=10 yr) individuals, and their 
predominant age groups were 8 (male) and 9 (female) yr. 


Sex ratio.—The overall observed proportion of females was 
0.42 (Table 49). Males were more abundant than females in all 
geographical regions except subarea 3S. Because of the limited 


number of age-length observations and questionable population 
estimates, the data did not support a rigorous analysis of age- 
specific sex ratios. There were no evident overall age-related 
trends. 


Length-weight relationship. —A total of 148 individuals from 
otolith area A were measured for total length and weight (Table 
50, Fig. 62). The overall observed relationship (sexes combined) 
was W = 0.0073 L *:'**?. The length-weight relationships of male 
and female populations significantly differed. Below 26 cm TL 
(and within the observed size ranges), males were up to 4% 
heavier at length than females. At 2 26 cm TL, females were up 
to 7% heavier at length. 


Age-length relationship and growth.—A total of 157 Alaska 
plaice otoliths were collected in otolith area A. Mean total lengths 
of age groups are summarized in Figure 63. The data were not 
adequate to support mathematical fitting of growth curves. 


Table 48.—Estimated population size of Alaska plaice age groups and year classes within survey subareas of the eastern Bering Sea, 
1976 spring trawl survey.' 


<6 7 8 9 10 11 12 13 14 15 16 Age All ages 
Subarea’ = 1969 1968 1967 1966 1965 1964 1963 1962 1961 1960 unknown combined 
ooo millions of fish  ----------------------------------------------------------- 
Inner shelf 
4N 172 12.7 19.1 16.4 4.4 1.1 1.1 0.6 0.1 = = 0.6 73.3 
4S (103.3) (71.8) (120.0) (114.2) (32.0) (7.7) (7.7) (5.3) (1.3) — (<0.1) (1.9) (465.2) 
1 (11.8) (26.1) (48.7) (48.9) (13.8) (4.0) (4.3) (2.9) (0.7) _— _— (1.2) (162.4) 
Outer shelf 
and slope 
3S 2.7 4.9 9.4 8.7 253) 0.5 0.6 0.4 0.1 — — 0.2 29.8 
3 Slope _— 
2 (8.0) (23.4) (40.7) (35.9) (11.0) (2.0) (2.8) (1.2) (0.4) — _ (0.3) (125.7) 
2 Slope _ — _ 
All subareas 
combined (143.0) (138.9) (237.9) (224.1) (63.5) (15.3) (16.5) (10.4) = (2.6) — (<0.1) (4.2) (856.4) 
Proportion 3 
of total 0.167 0.162 0.278 0.262 0.074 0.018 0.019 0.012 0.003 — <0.001 0.005 


‘Parentheses indicate estimates that may be badly biased due to sampling problems. The population in subarea 3N is not includ- 


ed because no length-frequency data were collected. 
*See Figure 3. 


Table 49.—Proportions of females in the estimated population of Alaska plaice by age group and geographical 


area, 1976 Bering Sea spring trawl survey.' 


Age group (yr) 


All ages 
Subarea* =6 7 8 9 10 11 12 13 14 15 16 combined 
a evneceneenenee cen eec ee ecceectesencenceees Proportion of fenales ————_—____—_—__—_--_-__—— 
Inner shelf 
4N 0.50 0.34 0.35 0.57 0.49 1.00 0.52 0.05 1.00 _ = 0.45 
4S 0.60 0.32 0.31 0.52 0.41 1.00 0.47 0.14 0.81 — 1.00 0.45 
1 0.08 0.09 0.17 0.47 0.45 1.00 0.60 0.10 0.54 a _ 0.30 
Outer shelf 
3S 0.78 0.39 044 0.63 O48 1.00 0.48 0.30 0.81 — _ 0.54 
3 Slope 
2 0.57 0.36 0.34 0.53 0.48 1.00 0.47 0.03 0.38 — _ 0.43 
2 Slope — _ 
All subareas 
combined 0.54 0.29 0.29 0.52 0.44 1.00 0.50 0.11 0.68 — 1.00 0.42 


Based upon sampled individuals for which sexes could be determined. The population in subarea 3N is not 


included because no length-frequency data were collected. 
*See Figure 3. 
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Figure 61.—Relative age composition of Alaska plaice taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). 
The category sexes combined includes male, female, and undetermined. 
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Figure 63.—Mean lengths-at-age of Alaska plaice taken during the 1976 Bering Sea spring trawl survey, otolith area 


A (see Fig. 4). 
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Table 50.—Length-weight relationships observed for Alaska plaice during the 1976 Bering Sea spring trawl 
survey, with testing for between-sex differences. 


TL 
Otolith Number range Length-weight coefficients Predicted weight-at-length 
Sex area’ sampled (cm) a b 10cm 20cm 3S5em. 
eocurcsccoenes grams -------------. 
Males A 75 22-37 0.0126 2.9676 11.7 91.8 483.3 
Females A 73 25-50 0.0058 3.2074 9.3 86.1 518.5 
Overall 148 22-50 0.0073 3.1342 9.9 87.7 506.7 
Analysis of covariance 
Tests for differences? 
Slope (b) Common means 
df F ratio df F ratio 
Between sexes in area A 1:146 5.44* — _ 


‘See Figure 4. 
24) — 9 P=(1053 


Greenland turbot. 


Distribution and abundance. —During the 1976 spring survey, 
Greenland turbot were broadly distributed along the outer conti- 
nental shelf and slope (Fig. 64), and overall, occurred at 255 
(58.6%) of the 435 grid stations, at a mean abundance (mean 
CPUE) of 2.56 kg/km trawled (Table 51). Highest abundance was 
observed in deep water (subarea 2 Slope) between St. George and 
Unimak Islands. Only low densities (mean CPUE’s <0.40 kg/ 
km) were found in inner shelf areas 1, 4S, and 4N. 

The total apparent population biomass (Estimated Biomass, 
Table 51) within the survey area was 51,000 t (95% confidence 
limits 43,200-58,800 t). This value was only 40.3% of the 1975 
survey estimate of 126,700 t (Pereyra et al. see footnote 2). Prin- 
cipal causes of the low 1976 biomass estimate may have included: 
Seasonally related emigration to deep water outside of the study 
area boundaries (Shuntov 1970); and the reduced northern survey 
coverage, particularly in subarea 3N. 

During spring 1976, approximately 30.0% and 38.9% of the 
total apparent biomass was observed in subareas 2 and 3S. Deep- 
water populations of large individuals in subarea 2 Slope ac- 
counted for 16.6% of the total biomass. Only 6.3% of the overall 
apparent biomass was represented by populations in inner shelf 
areas 1, 4S, and 4N. 


The total number of Greenland turbot within the study area 
(available to trawling) was estimated to be 350.9 million in- 
dividuals. As opposed to the distribution of biomass, 30.2% of 
the total number was located in subareas 1, 4S, and 4N (com- 
bined), and only 19.4% in subareas 2 and 2 Slope (combined). 


Size composition.—The size range of Greenland turbot was 
9-99 cm FL, with an overall mean fork length of 21.6 cm (based 
on 7,097 field measurements; Fig. 65). In general, three distinct 
types of size-frequency distributions were observed. In subareas 
4S and 4N size distributions were essentially unimodal and the 
populations were almost exclusively composed of small, 1-yr-old 
individuals. Populations in subareas 1, 2, 3N, 3S, and 3 Slope 
showed size distributions with one, two, or three prominent 
modes—at approximately 12, 22, and 34 cm FL—resulting from 
varying proportional representation of age groups 1, 2, and 3 yr. 
The deepwater population in subarea 2 Slope showed the largest 
size range (24-99 cm) and included relatively high proportions of 
large (>60 cm), old individuals. 


Age composition.—Estimates of age-frequency distribution 
were determined from an overall collection of 193 male and 182 
female saccular otoliths. The observed ranges in age were males, 
2-11 yr, and females, 2-16 yr. 


Table 51.—Estimated biomass and population numbers of Greenland turbot by subarea and for all subareas combined, 1976 


Bering Sea spring trawl survey. 


Proportion Proportion f 
Percentage Mean Estimated of total Estimated of total Mean size 
frequency of CPUE biomass estimated population estimated Weight FL 
Subarea occurrence (kg/km) (v) biomass (millions) population (kg) (cm) 
Inner shelf 
4N 45.5 0.25 460 0.009 36.6 0.104 0.013 11.7 
4S 26.8 0.21 895 0.018 61.7 0.176 0.014 11.6 
1 18.0 0.37 1,811 0.036 7.8 0.022 0.234 29.1 
Outer shelf 
and slope 
3 86.3 4.82 23,178 0.454 174.9 0.498 OF18 257 23:2 
3 Slope 90.0 4.76 923 0.018 1.9 0.005 0.481 36.7 
2 74.2 4.10 15,294 0.300 64.4 0.184 0.238 28.9 
2 Slope 87.5 19.78 8,451 0.166 3.6 0.010 2.356 59.7 
All subareas 
combined 58.6 2.56 51,013 350.9 0.145 21.6 


‘See Figure 3. 


*95% confidence limits: 43,247-58,778 t. 
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Figure 65.—Size composition of Greenland turbot taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The category 
sexes combined includes male, female, and undetermined. 
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The estimated size of each age group population is summarized males, at all sizes. In otolith area B, females were heavier at length 
in Figure 66 and Table 52. Overall, 1 yr olds—primarily dis- than males, but only at > 40 cm FL. 
tributed in subareas 4S, 3N, 3S, and 4N—accounted for 45.5% 
of the total apparent population; 97.4% of the overall population 
was aged 3 yr or less. In general, populations in subareas 1, 2, 
3N, 3S, and 3 Slope were composed of individuals aged 1-4 yr. In 
deepwater area 2 Slope, age groups 3-16 yr were relatively abun- 
dant, and 53.9% of all individuals (sexes combined) were 6 yr of 
age or older. 


Age-length relationship and growth.—Because only 206 age 
determinations were obtained from otolith area B and 169 from 
otolith area D, data from the two areas were combined to create 
more complete age-frequency tables. Results of the growth curve 
fittings, summarized in Table 55 and Figure 68, were uncertain 
due to limitations of both male and female age-frequency tables. 
In the age-frequency table for males, the only age groups with 10 
or more age-length observations were 2, 3, 4, 7, and 8 yr. Among 
females only age groups 2, 3, and 4 yr were well sampled. 

Although the choice of best fit was unclear, results from the 
two data sets indicated that females had an approximately 5-15% 
larger asymptotic fork length and slightly slower growth comple- 
tion rate (see Equation (24)) than males. 


Sex ratio.—The overall proportion of Greenland turbot 
females was 0.41 (Table 53). Males were more abundant than 
females in subareas | and 2. In deep water (subareas 2 Slope and 3 
Slope), females were more abundant. Males appeared to dom- 
inate age groups 1, 2, and 3 yr, and females, ages 4 and 5 yr. 


Length-weight relationship. —A total of 358 individuals from 
the Greenland turbot populations in otolith areas B and D were 


measured for fork length and weight (Table 54, Fig. 67). The Arrowtooth flounder. 

overall observed relationship was W = 0.0064 L*-°72!, Statistically 

significant differences were observed in all comparisons between Distribution and abundance.—Arrowtooth flounder showed 
populations. At > 3040 cm FL, both males and females were up an exclusively deepwater distribution pattern, occurring from 
to 10-12% heavier at length in otolith area B than in otolith area southern to northern limits of the survey area at bottom depths 
D. In otolith area D, females were 6-8% heavier at length than > 75-110 m (Fig. 69). Overall, arrowtooth flounder were taken at 


Table 52.—Estimated population size of Greenland turbot age groups and year classes within survey subareas of the eastern Bering Sea, 1976 spring trawl survey. 


1 2 3 4 5 6 7 8 9 10 11 212 Age All ages 
Subarea’' 1975 1974 1973 1972 1971 1970 1969 1968 1967 1966 1965 — unknown combined 
wor ee 2 ee ee ee eee millions of fish -------------------------------------------- 
Inner shelf 
4N 36.55 0.02 a = — _ — — — — — _— _— 36.57 
4S 61.06 0.40 0.19 0.05 = — _— — — — 61.70 
1 0.63 3.14 3.78 0.20 7.75 
Outer shelf 
and slope 
3 56.74 76.49 39.49 1.98 0.15 0.10 174.95 
3 Slope — 0.14 1.37 0.33 0.04 — — 0.01 0.01 — 0.02 0.01 — 1.93 
Zz, 4.76 29.06 27.41 2.76 0.22 0.02 0.03 0.03 = 0.02 0.03 — 0.04 64.38 
2 Slope —_— 0.01 0.63 0.73 0.17 0.13 0.23 0.19 0.24 0.12 0.30 0.72 0.11 3.58 
All subareas 
combined 159.74 109.26 72.87 6.05 0.58 0.15 0.26 0.23 0.25 0.14 0.35 0.73 0.25 350.86 
Proportion 
of total 0.455 0.311 0.208 0.017 0.002 <0.001 <0.001 <0.001 <0.001 <0.001 0.001 0.002 <0.001 
‘See Figure 3. 


Table 53.—Proportions of females in the estimated population of Greenland turbot by age group and geographical area, 1976 
Bering Sea spring trawl survey.’ 


Age group (yr) All ages 
Subarea? 1 2 3 4 5 6 7 8 9 10 11 12 combined 
nanan nn nnn nanan nnn anna nnn nescence enn enna Proportion of females -------------------------------------------neesen 
Inner shelf 
1 0.51 0.24 0.29 0.80 _ 0.30 
Outer shelf 
and slope 
3 0.51 0.55 0.43 0.40 0.38 _— —_ _ — — — — 0.50 
3 Slope a 1.00 0.61 0.83 1.00 _ — 0.00 _— _ 1.00 1.00 0.64 
2 0.26 0.30 0.42 0.88 0.95 0.00 0.00 _ _ _ 1.00 _— 0.38 
2 Slope — 1.00 049 0.62 0.76 0.19 0.12 0.00 0.42 0.54 1.00 1.00 0.64 
All subareas 
combined 0.41 0.36 0.42 0.76 0.86 0.15 0.08 0.00 0.42 0.54 1.00 1.00 0.41 
'Based upon sampled individuals for which sexes could be determined. 
*See Figure 3. 
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Table 54.—Length-weight relationships observed for Greenland turbot during the 1976 Bering Sea spring trawl 
survey, with testing for between-area and between-sex differences. 


Length-weight coefficients Predicted weight-at-length 


BE 
Otolith Number range 
Sex area’ sampled (cm) a b 10cm 30cm 50cm 
seseenseeanoe grams -------------- 
Males B 161 20-76 0.0050 3.1351 6.8 213.1 1057.1 
D 42 14-43 0.0120 2.8757 9.0 212.5 — 
Both areas 
combined 203 14-76 0.0063 3.0749 7.4 217.9 1048.3 
Females B 93 19-85 0.0031 3.2635 SIs) 207.1 1097.0 
D 62 14-52 0.0125 2.8844 9.5 227.3 992.1 
Both areas 
combined 155 14-85 0.0066 3.0717 ey 225.9 1085.0 
Overall 358 14-85 0.0064 3.0721 de5 221.4 1063.6 
Analysis of covariance 
Tests for differences? 
Slope (b) Common means 
df F ratio df F ratic 
Males between areas B and D 1:199 34.8** — — 
Females between areas B and D 1:151 3541 4% — — 
Between sexes in area B 1:250 OLE = — 
Between sexes in area D 1:100 0.03 1:101 LS** 
"See Figure 4. 
aA P= (1016 
Table 55.—Parameters of the von Bertalanffy growth curves for Greenland turbot, 1976 Bering Sea spring trawl 
survey.' 
Number Age FL Standard 
Otolith of age range Tange error of Parameters 
Sex area? Data set readings (yr) (cm) curve fit JE K ty 
Male B All ages 193 2-11 21-78 4.67 75.13 0.27 0.73 
Selected ages 0, 2-9 21-78 5.11 92.47 0.14 —0.07 
Female BD All ages 182 2-16 21-85 2.48 86.53 0.19 0.39 
Selected ages 0, 2-13 21-84 3513 96.82 0.13 0.03 
For Greenland turbot, each mean length-at-age in the selected ages data sets was based upon only six or 
more length-age determinations. 
*See Figure 4. 
131 (30.1%) of the 435 grid sampling stations, at a mean abun- catch rate was 425.0 kg/km. No arrowtooth flounder was taken 
dance (mean CPUE) of 2.12 kg/km trawled (Table 56). Regions in inner shelf subareas 1, 4S, and 4N. 
of highest abundance (by weight) were subareas 2 Slope and 3 The total apparent population biomass within the study area 
Slope (bottom depths 183-457 m), where mean densities were was 40,800 t (95% confidence limits 30,000-51,700 t), a factor of 
38.98 and 7.03 kg/km, respectively. The maximum observed 1.45 times larger than the 1975 survey estimate of 28,000 t 


Table 56.— Estimated biomass and population numbers of arrowtooth flounder by subarea and for all subareas combined, 
1976 Bering Sea spring trawl survey. 


Proportion Proportion : 
Percentage Mean Estimated of total Estimated of total Mean size 
frequency of CPUE biomass estimated population estimated Weight FL 
Subarea occurrence (kg/km) (t) biomass (millions) population (kg) (cm) 
Inner shelf 
4N = = Ss = = = = = 
4s — = — _ — — — — 
1 — — —. —_ — — — a 
Outer shelf 
and slope 
3 14.5 0.65 3,063 0.075 10.5 0.070 0.291 _ 
3 Slope 100.0 7.03 1,361 0.033 15.6 0.038 0.243 27.2 
7 71.9 5.29 19,747 0.484 105.3 0.706 0.188 25.8 
2 Slope 97.5 38.98 16,651 0.408 27.8 0.186 0.599 36.0 


All subareas 
combined 30.1 2.12 740,822 149.2 0.274 = =27.9 


See Figure 3. 
*95% confidence limits: 29,990-51,654 t. 
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Figure 66.—Relative age composition of Greenland turbot taken during the 1976 Bering Sea spring trawl 
survey, by sex and geographical area (see Fig. 3). The category sexes combined includes male, female, and 
undetermined. 
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Figure 68.—Von Bertalanffy growth curves for male and female Greenland turbot, all areas, 1976 Bering Sea spring trawl survey (selected ages). Symbols 
indicate the mean length at each age. 


(Pereyra et al. see footnote 2). The distribution of biomass among 
geographical regions was 89.2% in subareas 2 and 2 Slope (com- 
bined) between St. George and Unimak Islands, and 10.8% in 
subareas 3N, 3S, and 3 Slope (combined). 

The total number of individuals within the study area (available 
to trawling) was estimated to be 149.2 million. In general, the 
distribution of population numbers was similar to biomass except 
in subareas 2 and 2 Slope due to differences in population size- 
frequency distributions. 


Size composition.—Arrowtooth flounder taken during the 
1976 spring survey ranged from 12 to 68 cm FL, with an overall 
mean fork length of 27.9 cm (based upon 4,103 field 
measurements; Fig. 70). In subarea 2, the size-frequency distri- 
butions of male and female populations were sharply unimodal 
and nearly symmetrical, with an overall mean fork length (sexes 
combined) of 25.8 cm (range 12-50 cm). In subareas 2 Slope, a 
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broad size range was observed (18-68 cm), and 62.1% of all in- 
dividuals were > 30 cm FL. 


Age composition.—Estimates of age-frequency distribution 
were made from an overall collection of 126 male and 257 female 
saccular otoliths from areas B and D. The ranges in ages observed 
were males, 3-8 yr; females, 3-12 yr. 


The apparent number of individuals within each age group of 
the sampled population is summarized in Table 57. Although sub- 
areas 3N and 3S are excluded because no length-frequency data 
were collected, the estimates include 138.66 million (92.9%) of the 
149.2 million individuals of the overall apparent population. 


Four-yr-old individuals were most abundant in all geographical 
areas, accounting for 44-50% of the populations in each subarea 
(Fig. 71). Overall (sexes combined), 83.0% of the total population 
was aged 4 yr or less. Old individuals were most abundant in 
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Table 57.— Estimated population size of arrowtooth flounder age groups and year classes within survey subareas of the 
eastern Bering Sea, 1976 spring trawl survey.’ 


<3 4 5 6 7] 8 9 10 ll >12  Ageun- All ages 
Subarea? _ 1972 1971 1970 1969 1968 1967 1966 1965 — known combined 
wasn nnn nanan nanan nnn nnn anna nnn nn nnn n enna nn anna nnn millions of fish  -------------------------------------------------- 
Outer shelf 
and slope 
3 Slope 2.06 2.69 0.48 0.27 0.09 0.01 — — — 5.60 
2 43.23 52.17 6.87 2.94 0.04 0.01 — _ — _— _ 105.26 
2 Slope 2570 12532) 4734), 4:27), 24545 107) 10:43) 0107; — 0.04 0.02 27.80 
All subareas 
combined 47.99 67.18 11.69 7.48 2.67 1.09 0.43 0.07 — 0.04 0.02 138.66 
Proportion 
of total 0.346 0.484 0.084 0.054 0.019 0.008 0.003 0.001 — <0.001 <0.001 


‘The population in subarea 3 is not included because no length-frequency data were collected. 


7See Figure 3. 
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Figure 70.—Size composition of arrowtooth flounder taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The 
category sexes combined includes male, female, and undetermined. 
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Figure 71.—Relative age composition of arrowtooth flounder taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). 
The category sexes combined includes male, female, and undetermined. 


subarea 2 Slope, where 30.3% of the apparent population was 6 
yr or older. 


Sex ratio.—The overall proportion of arrowtooth flounder 
females was 0.56, and females were more abundant than males in 
all geographical regions (Table 58). With the exception of the 4-yr 
group, females were more abundant at all ages, particularly 
dominating at 7 yr and older. 


Length-weight relationship. —A total of 282 individuals from 
the arrowtooth flounder populations in otolith areas B and D 
were measured for fork length and weight (Fig. 72, Table 59). The 
overall relationship obtained was W = 0.0072 L?'°8, No 
statistically significant difference was found between the length- 
weight characteristics of male and female populations. 


Age-length relationship and growth. —The age-length observa- 
tions from otolith areas B (358 samples) and D (25 samples) were 
combined to create more complete age-frequency tables. Results 
of the growth curve fittings are summarized in Table 60 and 
Figure 73. Both data sets (all ages and selected ages) gave approxi- 
mately the same results for males, although the mean fork lengths 
of the 7- and 8-yr age groups were outlying values due to small 


sample sizes. For females, the inclusion or exclusion of the mean 
fork lengths of the 10- and 12-yr age groups gave markedly dif- 
ferent results. The L,, and f, values obtained from the all-ages 
data set seemed most realistic. 

The results from both data sets indicated a growth pattern of 
female arrowtooth flounder having approximately a 70-80% (or 
greater) larger asymptotic fork length than males and slower 
relative growth completion rate. 


Pacific halibut. 


Distribution and abundance.—Pacific halibut showed a pri- 
marily deepwater distribution pattern, occurring from southern to 
northern limits of the survey area at bottom depths > 79-90 m 
(Fig. 74). Overall, Pacific halibut were taken at 161 (37.0%) of the 
435 grid sampling stations, at a mean abundance of 1.57 kg/km 
trawled (Table 61). Approximately 90% of the apparent popula- 
tion biomass was located in subareas 2 and 2 Slope (combined) 
along the outer edge of the continental shelf between Unimak and 
St. George Islands. Only low densities were observed in Bristol 
Bay, along the inner and central shelf regions, and north of the 
Pribilof Islands. 


Table 58.—Proportions of females in the estimated population of arrowtooth flounder by age group and 


geographical area, 1976 Bering Sea spring trawl survey.' 


Age group (yr) 


All ages 
Subarea? <3 4 5 6 7 8 9 10 12 combined 
ma nencennnnnn nnn nnn nan nnncnnnnnnn mannan anne Proportion of females ----------------------------------------- 
Outer shelf 
and slope 
3 Slope O732 903749510565) 11053; 042) 10:20 — _ — 0.71 
P) 0.51 0.47 0.53 0.50 0.88 0.41 — - — _ 0.52 
2 Slope OL6 77 0251 0875 057809501930 0:965 09 1200) 1.00 — 1.00 0.68 
All subareas 
combined O:53)7) 20:49) 5 10:61" 10!66) 10910 3 0'S4 81200, 1.00 — 1.00 0.56 


‘Based upon sampled individuals for which sexes could be determined. The population in subarea 3 is not 


included because no length-frequency data were collected. 
*See Figure 3. 


Table 59.—Length-weight relationships observed for arrowtooth flounder during the 1976 Bering Sea spring trawl 


survey, with testing for between-sex differences. 


FL 
Otolith Number range Length-weight coefficients Predicted weight-at-length 
Sex area! sampled (cm) a b 10cm 25cm 45cm 
wenceeneeneen= grams -------------- 
Males B 57 20-55 0.0106 2.9840 10.1 156.6 905.1 
D 11 34-47 n.d.? n.d n.d. n.d n.d 
Both areas 
combined 68 20-55 0.0098 3.0061 9.9 156.3 915.0 
Females B 200 18-64 0.0074 3.0970 9.2 157.9 974.9 
D 14 35-66 n.d. n.d. n.d. n.d. n.d. 
Both areas 
combined 214 18-66 0.0071 3.1054 9.1 156.8 973.1 
Overall 282 18-66 0.0072 3.1038 9.0 155.9 966.1 
Analysis of covariance 
Tests for differences 
Slope (5) Common means 
df F ratio df F ratio 
Between sexes in area B 1:253 1.20 1:254 1.49 
Between sexes in both areas combined 1:278 1.20 1:279 1.59 


‘See Figure 4. 
*n.d. = not determined due to limited sample size. 
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Figure 73.—Von Bertalanffy growth curves for arrowtooth flounder taken during the 1976 Bering Sea 
spring trawl survey, comparing results of the all ages and selected ages data sets. Symbols indicate the 
mean length at each age. 
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Table 60.—Parameters of the von Bertalanffy growth curves for arrowtooth flounder, 1976 Bering Sea spring 


trawl survey. 
Number Age FL Standard 
Otolith of age range range — error‘of. ____Parameters 
Sex area’ Data set readings (yr) (cm) curve fit Wes K ty 
Male BD All ages 126 3-8 21-54 4.19 44.21 0.22 0.16 
: Selected ages 3-7 21-54 4.61 46.78 0.22 0.22 
Female BD All ages 257 3-12 21-66 3.99 79.27 0.13 -—0.01 
Selected ages 3-9 21-61 2.46 142.91 0.06 0.25 
‘See Figure 4. 


Table 61.—Estimated biomass and population numbers of Pacific halibut by subarea and for all subareas combined, 1976 


Bering Sea spring trawl survey. 


Proportion Proportion : 
Percentage Mean Estimated of total Estimated of total Mean size 
frequency of CPUE biomass estimated population estimated Weight FL 
Subarea' occurrence (kg/km) (t) biomass (millions) population (kg) (cm) 
Inner shelf 
4N 9.1 0.10 187 0.006 0.5 0.008 0.403 — 
4S 8.9 0.08 371 0.012 0.3 0.005 1.342 — 
1 23.0 0.28 1,371 0.044 9.5 0.159 0.144 24.4 
Outer shelf 
and slope 
3 16.2 0.19 881 0.028 0.7 0.012 1.267 47.5 
3 Slope 54.5 1.48 286 0.009 0.1 0.002 2.974 62.3 
2 75.3 5.79 21,629 0.699 46.4 0.779 0.466 33.1 
2 Slope 97.5 14.56 6,221 0.201 2.1 0.035 2.910 60.2 
All subareas 
combined 37.0 1.57 230,947 59.6 0.519 33.0 
‘See Figure 3. 


795% confidence limits: 20,755-41,138 t. 


The total apparent population biomass of Pacific halibut 
within the study area was 30,900 t (95% confidence limits 
20,800-41,100 t). Although this value was remarkably close to the 
1975 survey estimate of 30,600 t (Pereyra et al. see footnote 2), 
both estimates may underestimate true abundance within the 
study area as a result of trawl avoidance. 

The total number within the study area (available to the trawl) 
was estimated to be 59.6 million individuals, a factor of 4.66 times 
larger than the 1975 survey estimate of 12.8 million (Pereyra et al. 
see footnote 2). In comparison to the distribution of population 
biomass, 81.4% of the apparent population number was distrib- 
uted in subareas 2 and 2 Slope (combined), 17.2% in the inner 
shelf (subareas 1, 4S, and 4N), and 1.4% in subareas 3N, 3S, and 
3 Slope (combined). 


Size composition. — Almost all Pacific halibut taken during the 
survey were juveniles. The overall mean fork length was 33.0 cm, 
and the observed range in size was 14-101 cm FL (based upon 
2,163 field measurements; Fig. 75). In subarea 2, where 78% of 
the apparent population occurred, the overall size-frequency 
distribution was essentially unimodal and 91.6% of all individuals 
was within the size range 2540 cm. Populations in deep water 
(subareas 2 Slope and 3 Slope) were composed of larger individ- 
uals, with a considerably broader distribution of sizes about each 
mean fork length. 

In contrast with the relatively small overall size distribution 
taken during the 1976 spring trawl survey, the size range of 
Pacific halibut caught by the North American setline fishery in the 
eastern Bering Sea during 1976 was 67-215 cm FL, and 75% of all 
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individuals were >100 cm FL (International Pacific Halibut 
Commission 19778). 


Longhead dab. 


Distribution and abundance.—Longhead dab was widely dis- 
tributed throughout the southeastern Bering Sea at depths less 
than approximately 55-65 m, with highest abundance in central 
Bristol Bay (Fig. 76). Overall, longhead dab occurred at 118 
(27.1%) of the 435 grid stations, at a mean abundance of 1.62 
kg/km trawled (Table 62). 

The total apparent population biomass within the study area 
was 32,800 t (95% confidence limits 21,800-43,700 t). This value 
was a factor of 2.95 times larger than the 1975 survey estimate of 
11,100 t (Pereyra et al. see footnote 2). Principal causes of the 
higher 1976 biomass estimate were apparently higher fish den- 
sities, perhaps due to a shift in population distribution pattern 
from shallow-water areas (depths < 10-20 m) that were not sam- 
pled during 1975, and an extended geographical range farther 
west into deeper water. Nearly all of the apparent population bio- 
mass was limited to the inner shelf, with 73.7% in subarea 1. The 
total number within the study area (available to the trawl) was 
estimated to be 286.2 million individuals. 


‘International Pacific Halibut Commission. 1976. Items of information on 
the halibut fishery in the Bering Sea and the northeastern Pacific Ocean. Unpubl. 
manuscr., 39 p. International Pacific Halibut Commision, P.O. Box 5009, 
University Station, Seattle, WA 98105. 
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Figure 75.—Size composition of Pacific halibut taken during the 


1976 Bering Sea spring trawl survey (see Fig. 3). 


Because longhead dab was not observed to be abundant on the 
outer shelf at any time during the 1976 spring survey, the popula- 
tion apparently overwintered on the inner shelf. 


Size composition. —Longhead dab taken during the 1976 spring 
survey ranged from 10 to 41 cm TL, with an overall mean total 
length of 23.1 cm (based upon 3,409 field measurements; Fig. 
77). The observed size-frequency distributions were similar among 
all geographical regions, sharply unimodal and generally sym- 
metrical. Largest individuals were observed in subarea 1 (size 
range 14-41 cm), smallest in subarea 4S (range 10-34 cm). The 
mean total length of male populations was approximately 78% 
(range 76-85%) those of the female populations. 


Sex ratio. —The observed proportions of longhead dab females 
were subarea 1, 0.64; subarea 2, 0.33; subarea 4N, 0.70; subarea 
4S, 0.63; and overall, 0.64. 


Other species. 


Pacific herring. —Pacific herring, Clupea harengus pallasi, was 
widely distributed throughout the study area, occurring at 180 
(41.4%) of the 435 grid stations at an overa!l mean abundance of 
2.01 kg/km trawled (Fig. 78). Highest densities (on a weight basis) 
were Observed along pack ice northwest of St. Paul Island, and 
northwest and west of Port Moller, but none was taken in deep 
water on the continental slope. 

The total apparent population biomass within the study area 
was 35,100 t (Table 63), although this value must have consider- 
ably underestimated true abundance. Sources of bias may have 
included 1) low vulnerability to bottom trawling, as a result of a 
predominantly off-bottom (pelagic) distribution; 2) losses through 
the trawl mesh; and 3) relatively rapid changes in geographical 
distribution. 

The distribution of apparent biomass was 48.1% in subareas 3N 
and 3S, 28.1% in subarea 1, 22.9% in subareas 4S and 4N (com- 
bined), and only 1.0% in subarea 2. The overall size range taken 
during the 1976 survey was 20-31 cm FL. 


Table 62.—Estimated biomass and population numbers of longhead dab by subarea and for all subareas combined, 1976 
Bering Sea spring trawl survey. 


Percentage Mean 
frequency of CPUE 
Subarea occurrence (kg/km) 
Inner shelf 
4N 40.9 1.34 
4S 58.9 1.38 
1 72.0 4.93 
Outer shelf 
and slope 
3 ws = 
3 Slope — = 
2 4.5 0.05 
2 Slope — — 
All subareas 
combined 27.1 1.62 
See Figure 3. 


795% confidence limits: 21,793-43,714 t. 


Estimated 
biomass 
(t) 


2,481 
5,945 
24,158 


Proportion Proportion ‘ 
of total Estimated of total Mean size 
estimated population estimated Weight TL 
biomass (millions) population (kg) (cm) 
0.076 17.5 0.061 0.142 22.6 
0.181 58.1 0.203 0.102 22. 
0.737 209.4 0.731 0.115 23.3 
0.006 1.3 0.005 0.145 21.1 
286.2 0.114 23.1 


106 


“Qudjam Aq) Aoauns jaway Jupds vag Iupogq O61 ay) DupNp qup pwoyduoy Jo Sayer Yo! JO UOPNGUAS|G—'9L andy 


Mo8Sl McO91 MoZg9l Motv9l Mo991 Mo891 McOL1 Moddl Movdl Mo9L1 MoB21 
“GO 


a 
ay 
ae. w/64S'0 > HOLVD JOVUL 
®e NAS hoa HIM NOILISOd NOILWIS <J 
% f © Seon 
pi oy ot Se atiae hl 


u + + HOLVD ON 


4 ae ett pe ey HLIM NOILISOd NOILWIS + 
w+ + + + + + 
+ + 
p+ + + + + + ++ 
oe eo aa BP yon O3TMVeL WH /OM NI HOLD 
‘ ect + + - GNY NOILISOd NOILVIS GI + 
+ + + + + + + + 
+ + 
+ + + + + + + + 
+ + + + 
ae & Seem ace te oes Ys ? + 9261 SNNP - 11ddV 
+ + + + 
+ + + + + + + + + + + + + 
oer eae. 8Vd GV3SHONOT 
+ + + + + + + + 
+ & + + 
q + + + + + + + + gr aa + + + 
+ + + + 
q + + + + + oF 
+ + + + + + 
T+ Se ET+ + fet + 4 + + + + + + + + + eat 
T+ ef C) + 
G OtT+ T+ ST+ 755 1p A + + + yom) + + + By 
+ + 
‘ich Gy (ane Gao. tt ee a se aT a) (stat eties SOE ONIN pela ae ice pense Te Se 
+ + + + + + 
+ ++ 
+ + + + + + 
1a? S22 ve OT+ a e+ SOT+ T+ 4 + 4 4 q + ¢ + + + 
+ 
< + + + + + 
T+ T+ 
Tt 4 q + + + + 
eh Oct sek 62+ St OT+ T+ et q q q q + + + + + + + 
+ 
+ + + + 
+ + 
T+ T+ q q + + + 
TT+ GT+ St T+ qd e+ q + + + + + + + + 
Se + 
+ + + + + + 
+ + 
=< T+ + 
St as E+ E+ Zt+ T+ a+ B+ E+ r) + + + + + Pena + + + 
+ + 
a + + ay + 
= + + + + 
QL hae 
+ + + + 
Q + + 
. + + 
Ne + 
at + + 
—_ + + 
Se > 


oO8l 
NobS 


NoSS 


No9S 


NoZS 


No8S 


No6S 


NoO9 


NolQ 


Noc9 


No£9 


107 


4N 


4S 


Percent 
ou 6&6 & BA 


Percent 
cou 6&6 & 8B A 


Percent 


cou 6&6 & 8 A 


Percent 
ou fB & BA 


Percent 


MALE FEMALE SEXES COMBINED 
Outer shelf 
a a 
2 20 
15 1S 
10 10 
Mean length=19.7 Mean length=23.9 Mean length=21.1 
n=87 Ss n=40 n=127 
a pt nn fi) en nn 
0p 0D 0 DH 7080 D110 010 0D 0D 0 7 0 D100 010 YD D 0 OD & 70 WO WD iM 
Inner shelf 
a a 
20 | 20 
sf 1S 
o 10 | 10 
Mean length=20.2 Mean length=23.7 Mean length=22.6 
n=16 3 n=37 n=53 
Cs Sa RO ema os sc Es 
op nn Ho DH 70M DIM 0D DD 0D OM 70 OM Di0 0 10 0 DX 0 DH 6 70 8 DW 10 
+ ony oy 
{ 2 20 } 
4 ppt 45k 
} 10 | 40 
Mean length=19.9 Mean length=24.2 | Mean length=22.6 
+ n=87 aie n=141 n=237 
Se pe ee i lt] eee 
on nD DH DHMH DMD DIM ONDNDDOD HOH 70M DID 010 0D 0 D & 70 M10 
; ae Fas) 
1 2 | ~ | 
{ 15 | 1s | 
| 0 | { | 10 | 
Mean length=19.9 | Hea Mean length=25.5 Mean length=23.3 
i n=1240 Ss { | \ n=1752 sit n=2992 
ail / Aw 5 
+ + “ + — — 4 al + _- + ———_—__4+—_} + ——— —e + + + + 
1D ao DOXO DA DH DO ODNDDO DO 00 DW 10 2 3 4 60 70 8 100. 
Overall 
Fa So; 
20 | 2 
iS } r iS + 
0 | | | 10 | 
Mean length=19.5 =) | \ Mean length=25.1 | Mean length=23.1 
n=1430 S } / \ n=1970 S [ n=3409 
0 LS a0 5 eee 
on DDO DA DM DM 0oDDDH D&O 70M DiM 0D OX HD BR KK HH L 100 


Total length (cm) 


Total length (cm) 


Total length (cm) 


Figure 77.—Size composition of longhead dab taken during the 1976 Bering Sea spring trawl survey, by sex and geographical area (see Fig. 3). The category sexes 
combined includes male, female, and undetermined. 
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Table 63.—Estimates of the biomass of other fish populations, 1976 Bering Sea spring trawl survey. 


Inner shelf subareas' 


Species 1 4S 4N 2 

Pacific herring 9,872 3,975 4,064 338 
Starry flounder 5,891 $29 95 2,698 
Pacific ocean perch = = = 33 
Saffron cod 10 5 _ 949 
Bering flounder =e 25 356 = 
Sablefish = — = 215 

‘See Figure 3. 


Outer shelf and slope subareas' 


2 Slope 3 3 Slope All subareas combined? 
are Metric toms. ---------------------+--2+--e-n-noeenn enna ecnecneeeeccnsceneceee 
= 16,882 — 35,131 (12,058-58,204) 

im 55 = 9,268  (4,607-13,933) 

784 48 549 1,414 (185- 2,643) 

== 6 — 970 (O- 2,389) 

547 — 928 (157- 1,701) 

338 — 28 581 (14- 1,148) 


*Parentheses enclose 95% confidence limits for the overall estimates. 


Starry flounder.—Starry flounder, Platichthys stellatus, was 
taken at 97 (22.3%) of the 435 grid stations at an overall mean 
abundance of 1.20 kg/km trawled. Although occurring at scat- 
tered locations over most of the continental shelf, highest densities 
were observed along the Alaska Peninsula. The total apparent 
population biomass within the study area was 9,300 t (Table 63), 
with 15.3 million individuals. The observed distribution of ap- 
parent biomass was 63.6% in subarea 1, 29.1% in subarea 2, and 
7.3% in subareas 3N, 3S, 4S, and 4N (combined). Starry flounder 
was not taken in deep water along the continental slope. 


Pacific ocean perch.—Pacific ocean perch, Sebastes alutus, 
was taken at 30 (6.9%) of the 435 grid stations, at an overall mean 
abundance of 0.07 kg/km trawled. Pacific ocean perch occurred 
only in deep water along the outer edge of the continental shelf 
and slope. The total apparent population biomass within the 
study area was 1,400 t (Table 63), with 1.5 million individuals. The 
distribution of apparent biomass was 55.4% in subarea 2 Slope, 
38.8% in subarea 3 Slope, and 5.7% in subareas 2 and 3 (combined). 


Saffron cod.—Saffron cod, Eleginus gracilis, was recorded at 
only 9 (2.1%) of the 435 grid stations, at an overall mean abun- 
dance of 0.05 kg/km trawled. Occurrences were scattered over 
central and inner regions of the continental shelf. The total ap- 
parent population biomass within the study area was 970 t (Table 
63), a value of only 5.1% of the 1975 survey estimate of 19,100 t 
(Pereyra et al. see footnote 2). Although this large difference may 
have been caused by a change in vulnerability to bottom trawling, 
it was more likely a result of misidentifications and confusion of 
specimens with Pacific cod. 


Bering flounder.—Bering flounder, Hippoglossoides robustus, 
was recorded along the outer continental shelf in the extreme 
northern region of the study area, occurring at 26 (6.0%) of the 
435 grid stations, at an overall mean abundance of 0.04 kg/km 
trawled. The total apparent population biomass within the study 
area was 930 t (Table 63), with 2.9 million individuals. 

The distribution of apparent biomass was 58.9% in subareas 
3N and 3S, 38.4% in subarea 4N, and 2.7% in subarea 4S. 
Specimens identified as Bering flounder ranged from 14 to 41 cm 
TL. The observed ranges in age were males, 5-15 yr, and females, 
5-24 yr. 


Sablefish.—Sablefish, Anoplopoma fimbria, was taken at 30 
(6.9%) of the 435 grid stations, at an overall mean abundance of 
0.03 kg/km trawled. Occurrences were observed only in deep 
water along the outer continental shelf and slope. The total appar- 
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ent population biomass within the study area was 580 t (Table 63), 
with 0.4 million individuals. The distribution of apparent biomass 
was 58.2% in subarea 2 Slope, 37.0% in subarea 2, and 4.8% in 
subarea 3 Slope. Sablefish ranged from 38 to 62 cm FL. 


DISCUSSION 
Review of Survey Approach and Findings 


The August-October 1975 and April-June 1976 demersal trawl 
surveys provided new opportunities for comprehensive assessment 
of the eastern Bering Sea ichthyofauna. Both surveys were ex- 
tremely broad in geographical coverage, and consistent sampling 
methods enabled direct comparability. And importantly, the tem- 
poral coverage of the two surveys enabled analyses of natural 
variability at seasonal and year-to-year time scales. 

Although 235 fish species have been reported to occur in the 
eastern Bering Sea (Shmidt 1950), only 76 and 78 fish taxa were 
recorded during the 1975 and 1976 surveys. Of these, the most 
abundant 20 taxa accounted for approximately 98% of the overall 
total weight (or also, total apparent biomass) of demersal fishes 
recorded during the two surveys. Of these 20 most abundant 
demersal taxa, 10 species account for 99% of present commercial 
fish landings. 

On the expansive eastern Bering Sea soft-bottom continental 
shelf, the demersal fish community appears to be dominated (on 
the basis of weight density) by a few species, and these species 
tend to be distributed somewhat predictably in both space and 
time. This predictability might be described in the context of a 
simple migratory circuits model (Fig. 79). Adult populations 
generally migrate to, and concentrate at, relatively well-defined 
spawning locations within a relatively specific seasonal time 
period. Egg and larval drift, and later swimming behavior, take 
juveniles to nursery areas—usually isolated from the adult 
population, inshore or in shallower water. As juveniles mature, 
recruitment to the adult stock occurs as a result of growth, off- 
shore migration, and changes in behavior. During the seasonal cy- 
cle, adult stocks migrate between overwintering regions, spawning 
locations, and feeding areas of presumably high food abundance. 

Freezing avoidance mechanisms are an important adaptation of 
eastern Bering Sea fishes to their environment. All marine teleosts 
are hypotonic to seawater, and the blood freezing points of most 
species are approximately —0.5° to —0.8°C (Somero and 
Hochachka 1976). Under winter ice cover, bottom water 
temperatures over most of the eastern Bering Sea continental shelf 
are near the freezing point of seawater (— 1.6° to —1.7°C). Even 
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Figure 79.—The annual circuit of migration (Harden Jones 1968). 


during summer, large areas of residual subzero winter bottom 
water remain on the northern central shelf. Faced with potentially 
lethal conditions, Bering Sea fishes use two principal mechanisms 
to avoid freezing: Behavioral avoidance (i.e., seasonal migration) 
and production of biochemical antifreezes. Whereas some of the 
major fish populations must apparently undergo regular seasonal 
migrations from shallow to deep water (e.g., yellowfin sole, 
Pacific halibut, Alaska plaice), other taxa develop glycoprotein 
and protein antifreezes (e.g., saffron cod and sculpins such as 
Myoxocephalus spp.) (Raymond et al. 1975) that apparently 
enable survival in all regions of the continental shelf throughout 
the year. 


A 


ANOMALY OF SEA SURFACE TEMPERATURE 


‘International Pacific Halibut Commission. 


Figure 80 shows two measures of climatic conditions in the 
southeastern Bering Sea during the period 1966-77 (McLain and 
Favorite 1976: figure 1 updated to 1977 with data from the 
authors; International Pacific Halibut Commission 1976 see foot- 
note 8, 1977°). Like most climatic data, both time series indicate 
extended multiyear periods of warm or cold conditions, rather 


1977. Items of information on 
the halibut fishery in the Bering Sea and the northeastern Pacific Ocean. Unpubl. 
manuscr., 39 p. International Pacific Halibut Commission, P.O. Box 5009, 
University Station, Seattle, WA 98105. 
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Figure 80.—Climatic conditions in the southeastern Bering Sea 1966-77: A) anomaly of sea surface temperature at lat. 57°N, long. 170°W (near St. Paul 
Island) from the April 1962-May 1975 mean; B) mean bottom water temperature during June at 34 standard International Pacific Halibut Commission 


survey stations in the southeastern Bering Sea. 
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than random fluctuations about the mean values. The August- 
October 1975 and April-June 1976 demersal trawl surveys were 
conducted during a period of cold temperatures that occurred 
from January 1971 to December 1976. 

In general, surface seawater temperatures recorded at lat. 
57°N, long. 170°W during the 4-6 mo preceding both the 1975 
and 1976 surveys were unusually cold (Fig. 80). During August- 
October 1975, however, surface temperatures were only slightly 
cooler (anomalies of 0.0° to —1.0°C) than the 1962-75 mean. In 
comparison, cold winter sea surface temperatures (anomalies of 
—1.8°to —2.0°C) continued through the April-June 1976 survey 
period. In both 1975 and 1976, June bottom water temperatures 
in the southeastern Bering Sea were quite cold compared to obser- 
vations during most other years. 

As a third measure of environmental conditions during the 
1976 survey period, Figure 81 compares the distribution of sea ice 
observed during April-June 1976 to the extreme southern exten- 
sions of ice cover observed during 1954-70. In general, the extent 
of ice cover during April and May 1976 was at least equivalent to 
the 17-yr (1954-70) extremes. 

Before discussing the biological results and comparability of the 
1975 and 1976 eastern Bering Sea surveys, and relationships to the 
above model, it is appropriate to reevaluate basic objectives, 
assumptions, and limitations of the overall program. The funda- 
mental objective of the surveys was to obtain two short-term 
descriptions of characteristics (including density distribution, total 
size, age structure, etc.) of the mixed species populations caught 
by the sampling gear and to compare these characteristics between 
time periods. Target populations were implicitly defined by the 
location of the sampling area and its boundaries, and selective 
characteristics of the sampling gear and field methods. 

The real identity of the target populations of a trawl survey is 
frequently confused with the desire to measure total population 
size, true population density, and the commercially fished popula- 
tions. Clearly, the validity of intentions to measure total popula- 
tion abundance is dependent upon relationships between the area 
surveyed and species range. Because of biasing characteristics of 
sampling gear and methods (i.e., imperfect efficiencies), estimates 
of true population density are usually expressed as measures of 
available population density (where available population density is 
usually some fraction of true population density), unless the 
sources of error have been identified and corrections can be ap- 
plied. The true target populations of a survey, therefore, are 
usually boundary and gear dependent. 

The relationships of the target populations of a survey to com- 
mercially fished populations are then dependent upon 1) the 
character of temporal and geographical overlap between survey 
and commercial fishing activities, 2) selectivity resulting from gear 
and methods, and 3) the importance of population movements 
within, into, and from the regions of survey and commercial 
fishing. 

The accuracy of estimates obtained from a trawl survey may 
have several meanings based upon different references. Estimates 
of relative abundance (i.e., catch per unit of gear operation) are 
used to evaluate potential catch rates available to commercial 
fishing and to measure variations in the relative densities of the 
biological populations in space and time. The accuracy of point 
estimates of relative abundance is dependent upon constant pro- 
portionality between abundance indices and the actual abundance 
of the populations. Overall estimates of relative abundance are 
also affected by the relation of survey design to the distributions 
of target populations, and the validity of stationary distributions 
and closed populations assumptions. 


Estimates of absolute abundance (i.e., population density per 
unit area) are used to assess the size of populations within a de- 
fined area and to estimate their potential absolute yields (weight, 
or numbers per unit time). The accuracy of these estimates is de- 
pendent upon 1) the accuracy of the estimates of relative abun- 
dance from which the estimates of absolute abundance are de- 
rived, 2) biases due to sampling inefficiencies of the trawl gear, 
and 3) potential biases during expansion from per unit to overall 
estimates. 

The accuracy of trawl survey estimates, then, may refer to 
either 1) the fidelity of sample estimates to reflect constant pro- 
portionality to the real world, 2) the departure of estimates of ab- 
solute properties from real world values, or 3) the departure of 
estimates of absolute properties from true, but indefinable, 
characteristics of artificial available populations determined by 
the fishing gear. 


Comparison of Results Between Surveys 


Two comparisons of the overall results of the 1975 and 1976 
surveys are shown in Tables 64 and 65. Table 64 compares indices 
of relative fish abundances observed during the two surveys. Table 
65 compares the absolute population estimates obtained for each 
species, uncorrected for differences in geographical coverage be- 
tween surveys. Population estimates are also compared in Table 
65 against total commercial catches in the eastern Bering Sea dur- 
ing 1975. 

Mean relative abundances showed large differences between 
surveys, both within individual subdivisions of the survey area 
and overall (Table 64). Differences in overall apparent densities 
may have been due to 1) changes in sampling efficiencies and sam- 
pling biases, 2) true population growth due to recruitment, or 
decline due to mortality, and 3) population in-migration to, or 
out-migration from, the overall survey area. The importance of 
these potential effects has previously been discussed in the presen- 
tation of survey results for each species. Differences in apparent 
mean densities within individual subdivisions may then have been 
caused by 1) all of the above potential effects and 2) changes in 
the geographical distribution of populations between subareas 
due to seasonal or between-year shifts and migrations. 

Comparisons of absolute population estimates between surveys 
also showed large differences (Table 65), reflecting changes in ap- 
parent mean densities (Table 64), and effects due to the reduced 
area surveyed in 1976 (Table 1). The accuracy of these estimates, 
relative to either true or available population references, cannot 
yet be well assessed due to the unavailability of estimates from 
other sources using independent procedures. 

Although comparisons of the 1975 and 1976 survey estimates 
with the total 1975 commercial fish catches provide perhaps unex- 
pected results (Table 65)—where one year’s total removals of 
walleye pollock, Pacific cod, Greenland turbot, and arrowtooth 
flounder represent a large proportion of, or exceed, the survey 
population estimates—these inconsistent results may indicate 
poor comparability due to differences in space and time dimen- 
sions. First, there are questions regarding the degree of 
geographical overlap between the survey and commercial catch 
data sets. Secondly, in making comparisons of short-term survey 
population estimates against a year’s total removals, somatic 
growth, recruitment, and in-migration must also be considered as 
potential sources of differences. In particular, in-migration pro- 
cesses could be quite important if individuals from outside—such 
as deep or midwater populations—migrate to replace populations 
removed from preferred grounds within the survey area. 
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Table 64.—Comparisons of mean catch per unit fishing effort within geographical subdivisions of 
the 1975 and 1976 study areas in the eastern Bering Sea. 


Subareas' sampled in 


only 1 year Subareas' sampled both years 
Species Year 3 Slope 2 Slope 3N 3S 2 4N 4S 1 Overall 
-------------------------------- kg/km trawled -------------------------------------- 
Walleye 1975 — — 198.8 57.7 226.8 0.6 39.5 10.7 80.5 
pollock 1976 15.4 90.5 — 36.5 1192 0.9 1.3 2.8 34.0 
Pacific 1975 _ = 3:67 20 Tale Oil 0.5 0.9 2.7 
cod 1976 16.7 27.4 — 4.6 17.2 <0.1 0.1 0.2 5.1 
Yellowfin 1975 = _— <0.1 1.2 15.1 18.9 65.0 103.6 34.3 
sole 1976 0.1 0.0 — 20°79) A270) (23:95 747525910, 104.0 
Rock sole 1975 = <0.1 3.6 10.4 1.3 6.4 12.9 5.7 
1976 0.3 15 — 2.7 29.7 0.4 18.0 6.9 11.8 
Flathead 1975 — — 3.8 3.4 14.9 <0.1 1.0 1.6 3.9 
sole 1976 2.4 7A — Piph upekey Ki 0.1 0.4 5.0 
Alaska 1975 _ — <0.1 0.1 1.2 7.2 12.5 3.7 4.1 
plaice 1976 0.0 0.0 — 1.9 10.0 10.4 29.1 10.7 12.2 
Greenland 1975 _— — 16.8 5.6 2:3 O:9, 1.3 0.8 4.4 
turbot 1976 48 19.8 — 4.8 4.1 0.2 0.2 0.4 2.6 
Arrowtooth 1975 — — 0.1 1.1 495" 010" “<0: 0.1 1.0 
flounder 1976 7.0 39.0 — 0.6 5:3"). 010 0.0 0.0 2.1 
Pacific 1975 — _— 0.1 0.1 2.6 0.9 0.6 2.0 1.0 
halibut 1976 5 14.6 _— 0.2 5.8 0.1 0.1 0.3 1.6 


'See Figures 2 and 3. 


Table 65.—Comparisons between estimates of population biomass obtained from the 1975 and 1976 
surveys, and 1975 all-nation eastern Bering Sea commercial catches. 


Survey biomass estimates and 95% confidence limits 


(in parentheses) 


Species 1975 
Walleye pollock 2,426,400 
(2,001 ,600-2,851,100) 
Pacific cod 64,500 
(51,500-77,500) 
Yellowfin sole 1,038,600 
(870,800- 1,206,400) 
Rock sole 170,300 
(138,300-202,200) 
Flathead sole 113,000 
(93,900-132,100) 
Alaska plaice 127,100 
(101,800-152,800) 
Greenland turbot 126,700 
(112,700-140,700) 
Arrowtooth flounder 28,000 
(22,700-33,300) 
Pacific halibut 30,600 
(18,700-42,600) 


1975 all-nation' 


1976 commercial catch 
Wet CONS eee 
679,492 1,285,000 
(480,060-878,925) 
102,282 57,300 
(70,581-133,983) 
2,094,589 65,800 
(1,170,499-3,018,678) 
236,067 11,100 
(79,984-392,151) 
99,430 5,500 
(63,848-135,012) 
243,662 2,600 
(190, 174-297, 150) 
51,013 64,800 
(43,247-58,778) 
40,822 20,800 
(29,990-51,654) 
30,947 300 


(20,755-41,138) 


‘Data on file at Northwest and Alaska Fisheries Center, 2725 Montlake Blvd. E, Seattle, WA 


98112. 


Walleye pollock.—Although walleye pollock was widely 
distributed over the eastern Bering Sea continental shelf during 
both the 1975 and 1976 surveys (Fig. 82), the geographical density 
distribution observed during April-June 1976 appeared to be 
shifted (relative to August-October 1975) west and off the shelf. 
While this may have been caused by lower sampling efficiency 
during spring and early summer when more individuals were 
distributed in midwater for spawning or feeding, there is also in- 
creasing evidence that substantial densities of adult walleye 
pollock (44-50 cm FL) extend out from the shelf over deep water 
(Okada 1977,'° 1978"'). 

Because the few echosounding records taken during the 1976 
survey do not support the hypothesis that large abundances of 
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walleye pollock were in midwater during daylight hours within the 
shelf survey area, and if the density fields observed during 1975 
and 1976 (Fig. 82) are taken as indicating seasonal distributions, 
interpretations would then be: 1) During summer, walleye pollock 
invade the continental shelf, with high densities of adults (2-6 yr) 


‘Okada, K. 1977. Preliminary report of acoustic survey on pollock stocks in 
the Aleutian Basin and adjacent waters in summer of 1977. Unpubl. manuscr., 3 
p. Fishery Agency of Japan, 2-1 Kasumigaseki, Chiyoda-ku, Tokyo, Japan. 

"Okada, K. 1978. Preliminary report of an acoustic and midwater trawl 
survey on pollock stocks in the Aleutian Basin and adjacent waters in the summer 
of 1978. Unpubl. manuscr., 6 p. Fishery Agency of Japan, 2-1 Kasumigaseki, 
Chiyoda-ku, Tokyo, Japan. 
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Figure 82.—Comparison between the apparent distributions and relative abundance of walleye pollock in the Bering Sea: A) 1975 
survey; B) 1976 survey. The survey area boundary lines used in 1975 are superimposed upon both illustrations as a common 
reference. 
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concentrating along the outer shelf where food abundances— 
euphausiids and juvenile walleye pollock—(Takahashi and Yama- 
guchi 1972) are high; 2) during winter, shelf populations shift off- 
shore to deep and warmer water; and 3) during early spring, 
spawning concentrations are formed along the shelf edge. 

Like most Bering Sea demersal fish species, the spawning of 
walleye pollock is apparently synchronized with spring plankton 
production (Waldron and Vinter 1978'*). During both the 1975 
and 1976 surveys, juvenile (age 1 yr) walleye pollock were primar- 
ily found in central and inner shelf regions (subareas 1, 4S, 4N, 
and 3S). 

If a substantial proportion of adult walleye pollock had mi- 
grated out of the 1976 survey area by moving off-shelf during 
winter, these movements could account for the large differences in 
size and age structures, sex ratios, and length-weight relationships 
measured for the shelf populations by the two surveys. 

The hypothesis that genetically distinct north and south walleye 
pollock populations may exist was not well supported by data col- 
lected during the 1975 and 1976 surveys, although rigorous testing 
was not possible. Two principal centers of abundance, north and 
south, were observed during August-October 1975 in subareas 3N 
and 2 (Fig. 82). However, comparisons of the population 
characteristics measured by the two surveys were not adequate to 
evaluate the integrity or extent of behavioral and reproductive 
isolation of the two apparent populations. 


Yellowfin sole.—Yellowfin sole showed strongly contrasting 
distributional behavior between the 1975 and 1976 surveys, ap- 
parently representing seasonal extremes of adult migration pat- 
terns (Fig. 83, 84). During August-October 1975, adults (ages 6-13 
yr) were broadly distributed over the central and inner continen- 
tal shelf, and there were no indications of large-scale migratory 
movements. During April-June 1976, however, dense frontal con- 
centrations of adults followed the receding pack ice from the 
outer shelf into Bristol Bay where spawning reportedly occurs 
during summer (Musienko 1963, 1970). 

Although sampling problems encountered during the spring 
1976 survey confounded rigorous comparisons of abundance 
estimates, the strong similarities in size composition, age struc- 
ture, and overall sex ratios suggest that a relatively homogeneous 
population was sampled during both years. Because nearly the en- 
tire range of the eastern Bering Sea population was included 
within the 1975 and 1976 survey areas, effects due to in-migration 
and out-migration were apparently small. 

During both the 1975 and 1976 surveys, juveniles (ages 2-4 yr) 
were found primarily along the inner shelf, and there seemed to be 
a positive relationship between the abundance of small individuals 
and proximity to shore. Whereas adults appear to regularly 
undergo extensive geographical migrations between seasons— 
perhaps to maximize food supply, or as an adaptive response to 
cold temperatures, juveniles apparently remain in shallow inshore 
nursery areas during their first 1-2 yr and then develop migratory 
behavior that extends progressively offshore. 

The hypothesis that eastern Bering Sea yellowfin sole might 
also have genetically distinct north and south populations was not 
well supported by the survey data. Although three principal 
centers of abundance were recognized during the April-June 1976 


"Waldron, K. D., and B. M. Vinter. 1978. Ichthyoplankton of the eastern 
Bering Sea. Unpubl.-manuscr., 88 p. Northwest and Alaska Fisheries Center, 
National Marine Fisheries Service, NOAA, 2725 Montlake Boulevard East, Seattle, 
WA 98112. 
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survey—the large Unimak Island concentration that moved into 
central Bristol Bay and the two small Pribilof concentrations that 
appeared to migrate towards Nunivak Island, the population data 
collected were not adequate to enable identifying potential stock 
isolation from the overall background of geographical gradients 
and variability. Recent tissue collections and analyses of protein 
variation using starch gel electrophoresis have subsequently sug- 
gested free genetic exchange between the Bristol Bay and Pribilof 
Island groups (Grant et al. 1978"). 


Rock sole.—The density distribution of rock sole during the 
April-June 1976 survey had also shifted (relative to August- 
October 1975) southwest and towards the outer continental shelf 
(Fig. 85). If the two surveys are interpreted as representing 
seasonal extremes, then the distribution of the population ob- 
served in 1975—widespread, with several large centers of abun- 
dance—apparently represents the results of extensive summer 
migration onto the inner continental shelf, and the distribution 
observed in 1976—primarily restricted along the outer continental 
shelf, with scattered locations of high abundance—represents a 
retreat to deep water during winter. Because no large-scale move- 
ments were observed during the 1976 survey, the timing of rock 
sole summer migration to the inner shelf was apparently later than 
that of yellowfin sole, and frontal concentrations were not as 
pronounced. 

Like yellowfin sole, nearly the entire geographical range of the 
eastern Bering Sea rock sole population was included within the 
1975 and 1976 survey areas, and effects due to in-migration and 
out-migration appeared to be small. In general, characteristics of 
the population measured by the two surveys—absolute size, 
length and age structure, and sex ratio—were similar. During 
both surveys, juvenile rock sole (ages 2 and 3 yr) were taken 
primarily along the Alaska Peninsula between Unimak Island and 
Port Moller in subareas 1 and 2. 


Flathead sole.—During both the 1975 and 1976 surveys, 
flathead sole were distributed mainly along the outer continental 
shelf, and one large center of abundance was observed between 
St. George and Unimak Islands (Fig. 86). During August-October 
1975, the distribution of the population included relatively low 
density extensions onto the central and inner continental shelf. 
During April-June 1976, although scattered occurrences were 
recorded on the central shelf, the population range was primarily 
restricted to deep water and moderate levels of abundance were 
also observed at slope depths. 

Although a large southeastern Bering Sea population was iden- 
tified, the species range clearly extended beyond the northern 
boundaries of the survey areas; so questions remain regarding re- 
lationships and exchange between north and south populations, 
and potential effects of in-migration and out-migration between 
regions. Relationships between the eastern Bering Sea population 
of flathead sole, Hippoglossoides elassodon, and that of the con- 
generic Arctic species, H. robustus (Bering flounder), are also 
unclear (Forrester et al. 1977). 

Population characteristics that showed similarity between the 
1975 and 1976 surveys included overall mean density, estimated 


‘Grant, S., R. Bakkala, and F. Utter. 1978. Examination of biochemical 
genetic variation in yellowfin sole (Limanda aspera) of the eastern Bering 
Sea. Unpubl. manuscr., 21 p. Northwest and Alaska Fisheries Center, National 
Marine Fisheries Service, NOAA, 2725 Montlake Boulevard East, Seattle, WA 
98112. 
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Figure 83.—Comparison between the apparent distributions and relative abundance of yellowfin sole in the Bering Sea: A) 1975 
survey; B) April 1976. 
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Figure 84.—Comparison between the apparent distributions and relative abundance of yellowfin sole in the Bering Sea: A) May 1976; 
B) June 1976. 
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Figure 85.—Comparison between the apparent distributions and relative abundance of rock sole in the Bering Sea: A) 1975 survey; B) 


1976 survey. 
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Figure 86.—Comparison between the apparent distributions and relative abundance of flathead sole in the Bering Sea: A) 1975 
survey; B) 1976 survey. 


absolute size, length composition, and overall sex ratio. During 
both surveys, juvenile (<2 yr) distributions were not geographic- 
ally separated from adults (5-10 yr), with highest abundances of 
young individuals occurring along the outer continental shelf in 
subareas 2 (1975 and 1976) and 3N (1975 only). 


Pacific cod.—Although Pacific cod ranged broadly over near- 
ly the entire eastern Bering Sea continental shelf, during both the 
1975 and 1976 surveys most of the population was distributed 
along the outer shelf and slope (Fig. 87). Occurrences in inner and 
central regions were represented by only low densities, and in 
general, seasonal differences in these areas were unclear. Along 
the outer shelf and slope, however, Pacific cod abundances were 
higher and showed a more continuous pattern of high densities 
during April-June 1976 than during August-October 1975. 

Like walleye pollock, attempts to assess the Bering Sea popula- 
tion of Pacific cod included formidable sampling problems due to 
unknown semidemersal behavior, potential trawl avoidance, 
dense shoal formation, and potentially large effects due to in- 
migration and out-migration. Although midocean pelagic popula- 
tions have not been reported, substantial migratory exchange may 
occur between populations over the continental slope (depths 
180-1,000 m) and populations on the outer shelf (depths 
100-180 m). 

A feature common to both the 1975 and 1976 survey results was 
that the geographical distributions of size and age classes were 
strongly related to bottom depth. Juveniles (0-group and 1-yr- 
olds) apparently develop in the shallow central and inner shelf 
regions, then progressively move to deeper water. Populations in 
deep water were mainly composed of large, older individuals in 
contrast to populations in shallower waters. However, the max- 
imum age observed even in deepwater populations was only 6 yr. 


Alaska plaice.—As observed for yellowfin sole, the distribu- 
tional patterns of Alaska plaice differed markedly between the 
1975 and 1976 surveys (Fig. 88, 89). During August-October 1975, 
Alaska plaice ranged broadly over the central and inner shelf, 
with two principal centers of abundance. During April-June 1976, 
a relatively high-density front of migrating individuals appeared 
to move from a winter retreat in deep water, approaching a large- 
scale pattern similar to the late-summer distribution observed dur- 
ing 1975. 

Although sampling problems resulting from the population’s 
movements in 1976 prevented meaningful comparisons of abun- 
dance estimates, there were similarities in size and age structure, 
and overall sex ratio between the two surveys. During both 1975 
and 1976, juvenile Alaska plaice were most abundant in the 
northern, central region of the continental shelf (subareas 4S and 


4N). 


Other flounders.—The three pleuronectid species—Greenland 
turbot, arrowtooth flounder, and Pacific halibut—provided simi- 
lar population assessment problems, and survey results for the 
three species showed many parallels. All three species have exten- 
sive geographical ranges, occurring along the entire Pacific rim 
from southern California to the Kamchatka Peninsula and along 
all continental shelf regions of the Bering Sea (Hart 1973). In ad- 
dition, the regional populations of all three species appear to 
undergo regular seasonal migrations to the upper continental 
slope or shelf in summer and then return to deep water during 
winter where spawning occurs (Novikov 1964; Musienko 1970; 
Shuntov 1970). 

Population assessment problems included the following: 1) Be- 
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cause the vertical range of all three species may extend to bottom 
depths of 500 to 1,000 m—beyond normal trawl sampling capa- 
bilities, then in-migration and out-migration effects were poten- 
tially large due to seasonal movements between bathymetric 
zones, particularly in regions with steep bottom slope; 2) trawl 
avoidance may have been substantial by the large, strong- 
swimming adults; and 3) tagging studies have indicated that out- 
migration to, and in-migration from, populations in other regions 
may be significant (Dunlop et al. 1964; International Pacific 
Halibut Commision 1973). Additionally, relationships between 
the southeastern Bering Sea population of arrowtooth flounder, 
Atheresthes stomias, and reported northwestern Bering Sea pop- 
ulation of the congeneric Asian arrowtooth flounder, A. ever- 
manni, are unclear (Wilimovsky et al. 1967). 

During August-October 1975, Greenland turbot were broadly 
distributed over central and outer regions of the continental shelf 
at low densities, and one large northern center of abundance rep- 
resented over one-half the total apparent population (Fig. 90). 
During April-June 1976, population densities were high along the 
southwest shelf edge (subarea 2 Slope) in deep water (Table 66), 
and extension onto the shelf was restricted. 

In general, shelf populations of Greenland turbot during both 
surveys were primarily juveniles (<4 yr of age). One-year-old-in- 
dividuals were most abundant in subareas 4S and 4N (1975 and 
1976) and subarea 3 (1976 only). Deepwater populations (par- 
ticularly in subarea 2 in 1975 and subarea 2 Slope in 1976) were 
composed of large, old (3-16 yr) individuals. 

In contrast to Greenland turbot, arrowtooth flounder distribu- 
tions varied less between the two surveys and northern popula- 
tions were small (Fig. 91). During both surveys, most arrowtooth 
flounder occurred along the outer shelf and slope between St. 
George and Unimak Islands in subareas 2 (1975 and 1976) and 2 
Slope (1976 only). During 1975, several high-density locations oc- 
curred at intervals along the outer continental shelf. In 1976, 
abundance was high only along the shelf edge and slope (Table 
67). Juveniles (ages 1-3 yr) were most abundant in subarea 2 dur- 
ing both years. 

Of the three deepwater flounder species, Pacific halibut showed 
the most extreme differences in geographical distributions be- 
tween the two surveys (Fig. 92). During August-October 1975, the 
apparent population was broadly distributed in Bristol Bay with 
scattered occurrences on the central and outer shelf. During 
April-June 1976, Pacific halibut were distributed primarily along 
the southwest continental shelf between St. George and Unimak 
Islands and were abundant at slope depths (Table 68). Although 
large individuals may have been underestimated due to avoidance, 
trawl catches during both surveys indicated that shelf populations 
were mainly juveniles (20-50 cm FL). 


Table 66.—Apparent bathymetric distribution of Greenland 
turbot abundance within the 1976 Bering Sea slope subarea.' 


Mean CPUE? 
Bottom depths (m) No. of samples (kg/km) 

200-249 10 5.2 (0.0-18.4) 
250-299 8 10.6 (0.3-42.6) 
300-349 10.5 (0.3-29.9) 
350-399 7 32.9 (5.0-98.4) 
400-449 7 24.0  (0.0-105.2) 
450-460 3 66.2 (31.8-133.9) 

'See Figure 3. 

*Mean catch per unit fishing effort, with range in paren- 
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Figure 87.—Comparison between the apparent distributions and relative abundance of Pacific cod in the Bering Sea: A) 1975 survey; 
B) 1976 survey. 
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Figure 88.—Comparison between the apparent distributions and relative abundance of Alaska plaice in the Bering Sea: A) 1975 
survey; B) April 1976. 
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Figure 89.—Comparison between the apparent distributions and relative abundance of Alaska plaice in the Bering Sea: A) May 
1976; B) June 1976. 
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Figure 90.—Comparison between the apparent distributions and relative abundance of Greenland turbot in the Bering Sea: A) 1975 


survey; B) 1976 survey. 
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Figure 91.—Comparison between the apparent distributions and relative abundance of arrowtooth flounder in the Bering Sea: A) 
1975 survey; B) 1976 survey. 
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Figure 92.—Comparison between the apparent distributions and relative abundance of Pacific halibut in the Bering Sea: A) 1975 
survey; B) 1976 survey. 
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Table 67.—Apparent bathymetric distribution of arrowtooth 
flounder abundance within the 1976 Bering Sea slope 


subarea.' 
Mean CPUE? 
Bottom depths (m) No. of samples (kg/km) 
200-249 10 27.6 (1.0-103.8) 
250-299 8 28.5  (6.0-76.0) 
300-349 9 34.8  (7.6-62.1) 
350-399 7 15.8  (2.4-58.4) 
400-449 7 75.5  (2.8-425.0) 
450-460 3 7.4 (0.0-14.7) 
'See Figure 3. 
*Mean catch per unit fishing effort, with range in paren- 


theses. 


Table 68.—Apparent bathymetric distribution of Pacific 
halibut abundance within the 1976 Bering Sea slope subarea.' 


Mean CPUE? 
Bottom depths (m) No. of samples (kg/km) 

200-249 10 12.0 (0.0-47.7) 
250-299 8 10.1 (1.2-33.7) 
300-349 9 7.3 (0.0-16.8) 
350-399 7 10.2 (0.4-22.2) 
400-449 7 14.9 (0.0-45.3) 
450-460 3 32.1 (9.1-57.0) 

‘See Figure 3. 
*Mean catch per unit fishing effort, with range in paren- 


theses. 


Community structure.—Although the total numbers of fish 
and invertebrate species captured were large, a few principal 
species dominated the catches of both the 1975 and 1976 surveys. 
In general, the lists of important species were the same between 
surveys. And importantly, relationships within the lists of prin- 
cipal species from each survey, as measured by the extent of co- 
occurrence between species and regional distributions of co- 
occurring species groups, were also remarkably similar. 

Despite partial predictability of principal species and their 
organization over large geographical areas, at any specific loca- 
tion on the eastern Bering Sea continental shelf the relative species 
composition of the demersal fish community may be expected to 
undergo large seasonal variations. These changing relationships 
presumably result from seasonally driven variations in the over- 
lapping distributions of resident (nonmigrating) and transient 
(migrating) species populations, and changes in their relative den- 
sity distributions. 
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Annotated Bibliography and Subject Index on 
the Summer Flounder, Paralichthys dentatus 


PAUL G. SCARLETT! 


ABSTRACT 


An annotated bibliography and subject index for 114 references are presented on the identity, distribution, life 
history, ecology, behavior, exploitation, and population dynamics of the summer flounder, Paralichthys dentatus. 


INTRODUCTION 


This bibliography consists of 114 references on the distribu- 
tion, life history, ecology, behavior, and exploitation of the sum- 
mer flounder, Paralichthys dentatus (Linneaus). Only those 
references that exclusively pertain to, supply important facts 
about (i.e., identifies limits of range), or contain a large section 
on summer flounder have been included. Popular articles have 
purposely been omitted. 

References are listed alphabetically by author’s surname. 
Those with multiple authors are listed only under the senior 
author’s name. All works by the same author are listed 
chronologically by year of publication. 

Brief annotations of the contents of each publication are 
given. The annotations are not intended to be value judgments, 
but are included to provide clearer descriptions of the contents 


of each publication than can be obtained from their titles. 
Where possible, the abstract of a publication was used as a guide 
to provide an annotation. Headings for the subject index are 
based on the outline provided by Rosa (1965?). 

The search for literature on summer flounder was undertaken 
during the course of preparing a fishery management plan under 
the State/Federal Fisheries Management Program. Many of the 
references listed in the bibliography were provided by members 
of the Summer Flounder Scientific and Statistical Committee, 
notably Arnold Howe, Michael Fogarty, George Maltezos, John 
Poole, Stuart Wilk, Paul Hamer, Ronal Smith, James Casey, 
John Musick and John Gillikin. I also wish to thank the typist, 
Peggy Reno. 


BIBLIOGRAPHY 


ANDERSON, V. T., Jr. 
1978. Reversed summer flounder (Paralichthys dentatus 
L.) from the Middle Atlantic Bight. Bull. N.J. Acad. 

Sci. 23(1):39-41. 


Dextral summer flounder are described for the first 
time with a fully migrated left eye and normal dorsal 
fin origin. Morphometry and meristics are given for 
four specimens. 


BEDSOLE, H. L., Jr.. B. F. HOLLAND, Jr., and J. W. 
GILLIKIN. 
1980. State of North Carolina R/V Dan Moore — cruise 
report no. 38. N.C. Div. Mar. Fish., 17 p. 


A description of the distribution of summer flounder 
in the Atlantic Ocean between Cape Lookout, N.C., 
and Chesapeake Bay entrance is included. Mesh size 
regulations for the offshore trawl fishery are also 
discussed. 


Nacote Creek Marine Fisheries Laboratory, New Jersey Division of Fish, Game 
and Wildlife, Star Route, Absecon, NJ 08201. 


BIGELOW, H. B., and W. C. SCHROEDER. 
1953. Fishes of the Gulf of Maine. U.S. Fish Wildl. 
Serv., Fish. Bull. 53, 557 p. 


Includes a description, size range, seasonal 
movements, food habits, and range of summer 
flounder. 


BOWMAN, R.E., R.O. MAURER, Jr., and J. A. MURPHY. 
1976. Stomach contents of twenty-nine fish species from 
five regions in the northwest Atlantic — Data report. 
Natl. Mar. Fish. Serv., Northeast Fish. Cent. Woods 
Hole Lab., Lab. Ref. 76-10, 37 p. 


Results of food habits studies showed that Pleuro- 
nectiformes occurred in the stomachs of a number of 
fish eating species. These data do not indicate the pro- 
portion of summer flounder among the flatfish prey, 
but they may be represented. 


*Rosa, H. Jr. 1965. Preparation of synopses on the biology of species of liv- 
ing aquatic organisms. FAO Fisheries Biology Synopsis No. 1, Revision 1, 30 p. 


BRIGGS, P. T. 
1962. The sport fisheries of Great South Bay and vicinity. 
N.Y. Fish Game J. 9(1):1-36. 


Over a million and a half summer flounder were taken 
from June through September. Suggests restrictions 
on summer flounder fishing during May and Octo- 
ber. 


BRUCE, R. A. 
1967. North Atlantic trawl nets. U.S. Fish Wildl. 


Serv., Leafl. 600, 23 p. 


The two most commonly used trawl nets were the 
number 36 otter trawl and the flounder trawl. 


CHANG, S., and A. L. PACHECO. 
1976. An evaluation of the summer flounder population 
in subarea 5 and statistical area 6. Int. Comm. North- 
west Atl. Fish., Sel. Pap. 1, p. 59-71. 


An analysis of the summer flounder stock in ICNAF 
Subarea 5 and Statistical Area 6 was made utilizing 
catch statistics, age-length and weight-length relation- 
ships. The estimated fishable population ranged from 
36,000 to 74,000 metric tons from 1963 to 1974 and the 
MSY (maximum sustainable yield) of 20,000 to 22,000 
tons was approximately 6,000 tons lower than the 
estimated 1974 harvest of the commercial and recrea- 
tional fisheries. 


CHRISTENSEN, D. J., and W. J. CLIFFORD. 

1979. Composition of catches made by anglers fishing for 
summer flounder, Paralichthys dentatus, from New 
Jersery party boats in 1978. Mar. Fish. Rev. 41(12): 
28-30. 


Anglers were interviewed while fishing for summer 
flounder along the New Jersey coast from party boats. 
Mean seasonal catch rates for full-day and half-day 
anglers were 3.15 and 1.86 summer flounder per man 
per trip, respectively. A total of 828 summer flounder 
were measured and ages were determined for 427 
specimens. 


CHRISTENSEN, D. J., W. J. CLIFFORD, and 
G. SHEPHERD. 

1978. Size and age composition of the northern New 
Jersey party boat catch of summer flounder (Paralich- 
thys dentatus). Natl. Mar. Fish. Serv., Northeast Fish. 
Cent. Sandy Hook Lab., Lab. Ref. SHL78-48, 8 p. 


A total of 828 summer flounder were measured and 
427 age samples were collected. Length frequencies 
and ages at length are presented. 


CLARK, J. R. 
1962. The 1960 salt-water angling survey. U.S. Dep. 
Inter., Bur. Sport Fish. Wildl., Circ. 153, 36 p. 


Estimates the recreational catch of summer flounder. 


CLIFFORD, W. J., and D. J. CHRISTENSEN. 
1979. Length frequency of party and charter boat catch 
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of summer flounder (Paralichthys dentatus), 1975-1978. 
Natl. Mar. Fish. Serv., Northeast Fish. Cent. Sandy 
Hook Lab., Lab Ref. SHL79-25. 


Length frequencies of recreationally caught summer 
flounder are presented in computer printout form. 


COLVOCORESSES, J. A., and J. A. MUSICK. 

1979. Section Hl: NMFS groundfish survey. Jn His- 
torical community structure analysis of finfishes, p. 
45-78. Va. Inst. Mar. Sci. Spec. Rep. Appl. Mar. 
Sci. Ocean Eng. 198. 


The composition and distribution of fish assemblages 
in the Middle Atlantic Bight are described. Paralich- 
thys dentatus are regularly classified in the same group 
during spring and fall with Prionotus carolinus, Steno- 
tomus chrysops, and Centropristis striata. 


DAIBER, F. C., and R. W. SMITH. 
1969. An analysis of the summer flounder population in 
the Delaware Bay area. Univ. Del., Mar. Lab., 26 p. 


Age and growth analyses, food habits and length- 
frequency distributions are presented for summer 
flounder. 


DEUBLER, E:\E.; Jr; 
1958. A comparative study of the postlarvae of three 
flounders (Paralichthys) in North Carolina. Copeia 
1958:112-116. 


This paper includes data which makes it possible to 
distinguish the late postlarval forms of Paralichthys 
dentatus, P. lethostigma, and P. albigutta. 


DEUBLER, E. E., Jr., and W. E. FAHY. 
1958. A reversed ambicolorate summer flounder, Para- 
lichthys dentatus. Copeia 1958:55. 


An aberrant, female summer flounder 265 mm in stan- 
dard length is described. This is only the second record 
of reversal and ambicoloration in the same individual. 


DEUBLER, E. E., Jr., and J. C. WHITE, Jr. 
1962. Influence of salinity on growth of postlarvae of the 
summer flounder, Paralichthys dentatus. Copeia 1962: 
468-469. 


Summer flounder postlarvae under controlled 
laboratory conditions showed an increase in growth 
with increasing salinities. 


DEUEL, D: G. 
1973. The 1970 salt-water angling survey. Natl. Mar. 
Fish. Serv., Curr. Fish. Stat. 6200, 54 p. 


DEUEL, D. G., and J. R. CLARK. 
1968. The 1965 salt-water angling survey. U.S Fish 
Wildl. Serv., Resour. Publ. 67, 51 p. 


An estimate of the recreational catch of summer 
flounder is included in both references. 


DuPAUL, W., and S. BAKER. 
1979. The economic impact and status of the offshore 
fishing industry in Virginia. Va. Inst. Mar. Sci., 
Spec. Rep. Appl. Mar. Sci. Ocean Eng. 67, 51 p. 


Summarizes the offshore fishing industry in Virginia 
in terms of its employment, income generated, and 
overall economic impact. Summer flounder constitute 
a high percentage of this fishery. 


ELDRIDGE, P. J. 
1962. Observations on the winter trawl fishery for 
summer flounder, Paralichthys dentatus. M.S. Thesis, 
College of William and Mary, Williamsburg, 58 p. 


Data on the size composition of the marketable sum- 
mer flounder landed at Hampton Roads, Va., were 
compiled in order to establish a base line to detect 
changes in the size composition of the summer 
flounder stocks. Information is also presented on 
spawning, length-weight relationships, and age and 
growth. 


FESTA] Ps J. 
1974a. Analyses of market size composition data for the 
New Jersey summer flounder commercial fishery — 
1967 through 1972. N.J. Div. Fish, Game Shellfish., 
Misc. Rep. 12M, 24 p. 


A backlog of commercial dock receipts were analyzed 
to obtain size composition data for landings of sum- 
mer flounder. Results did not support use of percent 
weight composition in monitoring stock recruitment 
rates. A review of summer flounder landings in New 
Jersey is also presented. 


1974b. A study of the distribution of young and larval 
summer flounder in New Jersey estuarine waters. N.J. 
Div. Fish, Game Shellfish., Misc. Rep. 11M, 30 p. 


Larvae and young were collected from a number of 
estuaries, demonstrating that New Jersey waters do act 
as nursery areas for summer flounder. 


1977. Observations on the summer flounder (Paralich- 
thys dentatus) sport fishery in Great Bay, N.J. during 
the summer of 1976 in reference to anoxic water con- 
ditions. Jn Oxygen depletion and associated environ- 
mental disturbances in the Middle Atlantic Bight in 
1976. Natl. Mar. Fish. Serv., Northeast Fish. Cent. 
Sandy Hook Lab., Tech. Ser. Rep. 3, p. 463-470. 


High variability in catch rates during July appeared to 
be directly related to movement of the anoxic water 
mass. Large numbers of summer flounder were forced 
into inlets and bays where they were more concen- 
trated and vulnerable to the sport fishery. 


1979a. Creel census of the summer flounder, Paralich- 
thys dentatus, sportfishery in Great Bay, New Jersey. 
N.J. Div. Fish, Game Shellfish., Tech. Rep. 19M, 62 p. 


Catch per effort statistics are provided for the sport 


fishery on summer flounder in Great Bay, N.J., from 
1967 to 1976. The dependence of the fishery on the 
2-year old class is documented. 


1979b. Analyses of fish forage base of the Little Egg 
Harbor estuary. N.J. Div. Fish, Game Shellfish., 
Tech. Rep. 24M, 341 p. 


Fish remains comprised 32.6% of the diet volume of 
6-24 cm summer flounder and 74.3% of the volume of 
summer flounder from 25 to 65 cm. Prey are identified 
by species. 


FIGLEY, W. 
1977. Sex ratios within length groups of commercially 
caught summer flounder in New Jersey, 1962-1964. 
N.J. Div. Fish, Game Shellfish., Tech. Rep. 20M, 16 p. 


Males comprised the majority of summer flounder in 
the centimeter groups below 46 cm, while females were 
predominant in larger length groups. The largest male 
sampled was 617 mm and the largest female was 730 
mm. 


FREEMAN, B. L., and S. C. TURNER. 
1977. The effects of anoxic water on the summer 
flounder (Paralichthys dentatus), a bottom-dwelling fish. 
In Oxygen depletion and associated environmental dis- 
turbances in the Middle Atlantic Bight in 1976. Natl. 
Mar. Fish. Serv., Northeast Fish. Cent. Sandy Hook 
Lab., Tech. Ser. Rep. 3, p. 451-462. 


The occurrence and distribution of summer flounder 
during the anoxic water condition is discussed. 
Distribution and catches of summer flounder were 
termed as very unusual. 


FREEMAN, B. L., and L. A. WALFORD. 
1974a. Anglers’ guide to the United States Atlantic 
coast. Section II, Nantucket Shoals to Long Island 
Sound. U.S. Dep. Commer., Natl. Mar. Fish. 
Serv., 16 p. 


1974b. Anglers’ guide to the United States Atlantic 
coast. Section III, Block Island to Cape May, New 
Jersey. U.S. Dep. Commer., Natl. Mar. Fish. Serv., 
21 p. 


1974c. Anglers’ guide to the United States Atlantic 
coast. Section IV, Delaware Bay to False Cape, Vir- 
ginia. U.S. Dep. Commer., Natl. Mar. Fish. Serv., 
Lip: 


1976a. Anglers’ guide to the United States Atlantic 
coast. Section V, Chesapeake Bay. U.S. Dep. Com- 
mer., Natl. Mar. Fish. Serv., 17 p. 


1976b. Anglers’ guide to the United States Atlantic 
coast. Section VI, False Cape, Virginia to Altamaha 
Sound, Georgia. U.S. Dep. Commer., Natl. Mar. 
Fish. Serv., 21 p. 


1976c. Anglers’ guide to the United States Atlantic 


coast. Section VII, Altamaha Sound, Georgia to Fort 
Pierce Inlet, Florida. U.S. Dep. Commer., Natl. Mar. 
Fish. Serv., 21 p. 


This series describes the recreational fishery including 
seasonality, fishing methods, baits, and a description 
of each species. Summer flounder are included. 


GINSBURG, I. 
1952. Flounders of the genus Paralichthys and related 
genera in American waters. U.S. Fish Wildl. Serv., Fish. 
Bull. 52:267-351. 


The summer flounder is described including its distri- 
bution, habitat, size, and bionomics. 


GROSSLEIN, M. D., E. G. HEYERDAHL, and H. STERN, 
dpc 
1973. Status of the international fisheries off the Middle 
Atlantic coast. Natl. Mar. Fish. Serv., Northeast Fish. 
Cent. Woods Hole Lab., Lab. Ref. 73-4, p. 88. 


Includes a brief description of the commercial and re- 
creational summer flounder fisheries. 


GUDGER, E. W. 
1935. Two partially ambicolorate flatfishes (Hetero- 
somata). Am. Mus. Novit. 1935 (768), 8 p. 


A partially ambicolorate summer flounder is describ- 
ed. 


1936. A reversed almost wholly ambicolorate summer 
flounder, Paralichthys dentatus. Am. Mus. Novit. 
1936 (896), 5 p. 


A reversed, almost ambicolorate summer flounder is 
described. 


GUTHERZ, E. J. 
1967. Field guide to the flatfishes of the family Bothidae 
in the western North Atlantic. U.S. Fish Wildl. 
SeLv-;) Circ:,.263,.47 p: 


Includes a description of summer flounder and iden- 
tifies its range. 


HAMER, P. E., and F. E. LUX. 
1962. Marking experiments on fluke (Paralichthys den- 
tatus) in 1961. Minutes 21st Annu. Meet., Append. 
MA6, Atl. States Mar. Fish. Comm., 6 p. 


Presents preliminary results of a joint summer 
flounder tagging program in the Middle Atlantic 
Bight. Summer flounder were found to be distributed 
in shallow coastal waters and bays during summer 
months. In winter and early spring the species was 
found on offshore grounds from Veatch Canyon, 
south to at least off the Virginia coast in 40-85 
fathoms of water. 


HENDERSON, E. M. 
1979. Summer Flounder (Paralichthys dentatus) in the 


Northwest Atlantic. Natl. Mar. Fish Serv., Northeast 
Fish. Cent. Woods Hole Lab., Lab. Ref. 79-31, 13 
p. 


The paper reviews and summarizes data, analyses, and 
literature on summer flounder. Information presented 
includes results of aging studies, analyses of bottom 
trawl survey data, a fecundity study, a unit stock 
analysis, a von Bertalanffy growth curve, and weight- 
length curves. 


HILDEBRAND, S. F., and L. E. CABLE. 
1930. Development and life history of fourteen teleos- 


tean fishes at Beaufort, N.C. Bull. U.S. Bur. Fish. 
46:383-488. 


Estimated the minimum size at maturity for summer 
flounder to be 16.5” (42 cm). Reported that small 
postlarval summer flounder are found at sea and in 
estuaries, larger postlarvae mainly in estuaries and 
juveniles in brackish water parts of estuaries. 


HILDEBRAND, S. F., and W. C. SCHROEDER. 
1928. Fishes of Chesapeake Bay. U.S. Bur. Fish. Bull. 
43(1), 366 p. 


Includes a _ description, food habits, seasonal 
movements and description of the commercial fishery 
for summer flounder. 


HIMCHAK, P. J. 
1979. Creel census of the summer flounder, Paralichthys 
dentatus, sportfishery in Great Bay, New Jersey. N.J. 
Div. Fish, Game Shellfish., Dingell-Johnson Rep. Proj. 
F-15-R, 22 p. 


Catch rates, length-frequency distributions, total 
harvest, and instantaneous loss rates are provided for 
the summer flounder fishery. 


HOSS, D: E. 
1964. Accumulation of zinc-65 by flounder of the genus 
Paralichthys. Trans. Am. Fish. Soc. 93:364-368. 


When concentration factors were calculated, it was 
found summer flounder concentrated zinc-65 to higher 
levels from food than from water. 


1967. Marking post-larval paralichthid flounders with 
radioactive elements. Trans. Am. Fish. Soc. 96:151- 
156. 


Both cerium 144 and cobalt 60, introduced into the 
food or water, were used satisfactorily as marks for 
postlarval summer flounder. 


HUSSAKOF, L. 

1914. On two ambicolorate specimens of the summer 
flounder, (Paralichthys dentatus), with an explanation 
of ambicoloration. Bull. Am. Mus. Nat. Hist. 
33:95-100. 


Two ambicolorate summer flounder are described. 


JENSEN, A. C. 
1967. A brief history of the New England offshore 
fisheries. U.S. Fish Wildl. Serv., Fish. Leafl. 594, 
14 p. : 


Describes the origin and subsequent development of 
several of the offshore fisheries, including summer 
flounder, of New England. 


1974. New York’s fisheries for scup, summer flounder, 
and black sea bass. N.Y. Fish Game J. 21:126-134. 


Reviews the commercial summer flounder fishery 
engaged in by New York State fishermen in the Middle 
Atlantic Bight. Reports on a decline in abundance bas- 
ed on a decline in commercial landings. 


JOHNSON, K. L. 
1979. Yield per recruit analysis for summer flounder 
(Paralichthys dentatus). Natl. Mar. Fish. Serv., North- 
east Fish. Cent. Woods Hole Lab., Lab. Ref. 79-34, 
2p 


The Beverton and Holt yield per recruit model was 
applied to summer flounder. 


LANGTON, R. W. 
1979. Food of nine northwest Atlantic Pleuronectiform 
fishes. Natl. Mar. Fish. Serv., Northeast Fish. Cent. 
Woods Hole Lab., Lab. Ref. 79-17, 83 p. 


Summarizes data on the food of summer flounder col- 
lected during Northeast Fisheries Center bottom trawl 
surveys. Prey species included squid, scup, and silver 
hake. 


LEIM, A. H., and W. B. SCOTT. 
1966. Fishes of the Atlantic coast of Canada. Fish. 
Res. Board Can. Bull. 155, 485 p. 


Sets the northern limit of the summer flounder range 
as LaHave Bank, Nova Scotia. 


LUX, F. E., P. E. HAMER, and J. C. POOLE. 
1966. Summer flounder...the Middle Atlantic flatfish. 
Atl. States Mar. Fish. Comm., Leafl. 6, 4 p. 


Provides a general overview of summer flounder in- 
cluding a description of the commercial and recrea- 
tional fisheries, distribution, and seasonal move- 
ments. 


EUXG E> Es and FUE. NICHY. 
1980. Movements of tagged summer flounder, Paralich- 
thys dentatus, off southern New England. Natl. Mar. 
Fish. Serv., Northeast Fish. Cent. Woods Hole Lab., 
Lab. Ref. Doc. 80-34, 36 p. 


A description of the seasonal and long-term 
movements of summer flounder off southern New 
England is included. Over 2,800 summer flounder 
were tagged on both coastal and offshore grounds in 
1961-62. 


LUX, F. E.,. J.C. POOLE, and'P. E. HAMER. 
1962. A status report on the fluke or summer flounder 
(Paralichthys dentatus). Minutes 21st Annu. Meet., 
Append. MA-3, Atl. States Mar. Fish. Comm., 4 p. 


Reviews the general biology, nature and status of the 
fisheries, and recent research for summer flounder. 


LUX, F. E., and L. R. PORTER, Jr. 
1966. Length-weight relation of the summer flounder 
Paralichthys dentatus (Linnaeus). U.S. Fish Wildl. 
Serv., Spec. Sci. Rep. Fish. 531, 5 p. 


Length-weight equations of the form W = cL? in 
which W is weight, L is length, and c and b are con- 
stants, are given for summer flounder for each calen- 
dar quarter. Weight for a given length varied seasonal- 
ly. Males were slightly heavier than females of the 
same length. 


MAHONEY, J. B., F. H. MIDLEDGE, and D. G. DEUEL. 
1973. A fin rot disease of marine and euryhaline fishes 
in the New York Bight. Trans. Am. Fish. Soc. 102: 
596-605. 


Summer flounder were affected. External signs of the 
disease were fin necrosis, skin hemorrhages, skin 
ulcers, and occasional blindness. 


MARSHALL, A. 
1980. Data on the commercial sport fishery for summer 
flounder, Paralichthys dentatus, in Virginia. Va. Mar. 
Resour. Rep. 80-5, 5 p. 


Describes the temporal and spacial setting, trends in 
the recreational catch, demography of the par- 
ticipants, modes of fishing, disposition of catch and 
economic impact of the summer flounder charter and 
party boat fishery. 


MAST, S. O. 

1916. Changes in shade, color and pattern in fishes, and 
their bearing on the problems of adaption and behavior, 
with especial reference to the flounders Paralichthys 
and Ancylopsetta. Bull. U.S. Bur. Fish. 34:173-238. 


Summer flounder simulate rather than reproduce the 
background and respond more rapidly to yellows and 
browns than to reds, greens, and blues. 


MAYO, R. K. 
1975. Length frequencies of flounders other than yellow- 
tail. Int. Comm. Northwest Atl. Fish. Work. Pap. 

64, 9 p. 


Computer plotted length frequencies of summer 
flounder from fall cruises of A/batross IV in 1963, 
1969, 1972, and 1973 are presented. 


1976. Assessment data for flounders other than yellow- 
tail in ICNAF subarea 5 and statistical area 6. Int. 
Comm. Northwest Atl. Fish. Work. Pap. 76/1V/47, 
(ip: 


Stratified mean catch per tow in numbers and pounds 
and length frequencies from autumn U.S. research 
cruises from 1963 to 1975 are given for summer 
flounder. 


MELDRIM, J. W. 

1976. Affinities and diversity of fishes of the Delaware 
River estuary in the vicinity of the Salem nuclear gen- 
erating station. Jn An ecological study of the Delaware 
River in the vicinity of Artificial Island, p. 146-155. 
Ichthyological Associates, Inc., Ithaca, N.Y. 


Summer flounder were found to have a positive affini- 
ty with bay anchovy, weakfish, spot, and hogchocker. 


MORSE, W. W. 

1978. Preliminary fecundity estimates of summer 
flounder (Paralichthys dentatus) occurring in Middle 
Atlantic waters. Natl. Mar. Fish. Serv., Northeast 
Fish. Cent. Sandy Hook Lab., Lab. Ref. 78-39, 5 p. 


Fecundity estimates ranged from 414,000 to 4,188,000 
eggs for summer flounder between 366 and 680 mm 
TL. Preliminary observations indicated a curvilinear 
relationship between fecundity and length. 


1979. An analysis of maturity observations of 12 gound- 
fish species collected from Cape Hatteras, North Caro- 
lina to Nova Scotia in 1977. Natl. Mar. Fish. Serv., 
Northeast Fish. Cent. Sandy Hook Lab., Rep. SHL 
79-32, 20 p. 


Summer flounder is included in the analysis. The Lso 
(length at which 50% of the fish are mature) was 24.6 
cm TL for males and 28.4 cm TL for females. 


In press. Reproduction of the summer flounder, Para- 
lichthys dentatus (L). J. Fish Biol., Vol. 19. 


Length at maturity for summer flounder ranged from 
23.7 to 27.3 cm TL for males and from 30.2 to 33.3 cm 
TL for females which coincided with length at age 2. 
Fecundity was related to length, weight, and ovary 
weight. 


MURAWSKI, W. S. 

1970. Results of tagging experiments of summer flounder, 
Paralichthys dentatus, conducted in New Jersey waters 
from 1960-1967. N.J. Div. Fish., Game Shellfish., Misc. 
Rep. 5M, 72 p. 


Reports on six tagging experiments of summer 
flounder. Monthly movements, estimates of harvest 
rates and survival rates are presented for each of the 
six groups. 


MURAWSKI, W. S., and P. FESTA. 
1976. Ovary maturation in the summer flounder, Para- 
lichthys dentatus. N.J. Div. Fish, Game Shellfish., 
Misc. Rep. 16M, 16 p. 


Four distinct summer flounder egg types were 
characterized as to diameter and yolk development. 


Correlation of ovary condition with date of capture in- 
dicated peak spawning activity occurred during Oc- 
tober and November. 


MURAWSKI, W. S., and R. L. WHITE. 
1964. Studies of the reproduction of the summer floun- 
der, Paralichthys dentatus. N.J. Div. Fish, Game 
Shellfish., Dingell-Johnson Rep. Proj. F-15-R, 1 p. 


Ovaries of commercially caught summer flounder 
landed in New Jersey were examined. The data in- 
dicated that spawning commenced during the last half 
of September, continued during October, reached its 
peak during the first half of November, and ended in 
the latter half of December. 


MUSICK, J. A. 

1979. Section III: A summary of the distribution, abun- 
dance, and food habits of demersal fishes of the Mid- 
Atlantic outer continental shelf—a concise source docu- 
ment for resource managers and users. Jn Historical 
community structure analysis of finfishes, p. 79-88. Va. 
Inst. Mar. Sci., Spec. Rep. Appl. Mar. Sci. Ocean Eng. 
198. 


Paralichthys dentatus is included in the summary. 


MUSICK, J. A., and J. D. MCEACHRAN. 
1968. Seasonal distribution of major species of demersal 
fishes in Chesapeake Bight. Va. Inst. Mar. Sci., 13 
p. 


Species were divided into two groups. One group 
(warm-temperate), having southern affinities and in- 
cluding summer flounder, is found inshore during the 
summer and migrates offshore or to the south or both 
during the winter. 


NESBIT, R. A., and W. C. NEVILLE. 
1935. Conditions affecting the southern winter trawl 
fishery. [U.S.] Bur. Fish., Fish. Circ. 18, 12 p. 


An early description of the fishery is presented. Sum- 
mer flounder is identified as one of the three most im- 
portant species in the fishery. 


OLLA, B. L., C. E. SAMET, and A. L. STUDHOLME. 
1972. Activity and feeding behavior of the summer floun- 
der (Paralichthys dentatus) under controlled laboratory 
conditions. Fish. Bull., U.S. 70:1127-1136. 


Three general behavior patterns were exhibited: 
resting, swimming, and feeding. Prey was captured 
equally well on the bottom or in the water column. 
The significance of behavior patterns and their rela- 
tion to those of other flatfishes is discussed. 


OSBORN, C. M. 
1939. The physiology of color change in flatfishes. J. 
Exp. Zool. 81:479-515. 


When undisturbed, summer flounder become very 
homogeneous in shade. They become well adjusted to 


a white background in 2-4 days and a_ black 
background in 1-3 days. 


1941. Studies on the growth of integumentary pigment in 
the lower vertebrates. I. The origin of artificially de- 
veloped melanophores on the normally unpigmented 
ventral surface of the summer flounder (Para/ichthys 
dentatus). Biol. Bull., Woods Hole 81:341-351. 


Melanophores differentiate on the normally un- 
pigmented ventral surface of summer flounder when 
that surface is exposed to a light source and the animal 
is in a physiological condition favoring darkening. The 
melanophores develop in situ from melanoblasts. 


PEARCY, W. G., and S. W. RICHARDS. 
1962. Distribution and ecology of fishes of the Mystic 
River estuary, Connecticut. Ecology 43:248-259. 


Includes length frequencies of summer flounder. 
Juveniles were captured, suggesting the area is used as 
a nursery area. 


PEARSON, J. C. 
1932. Winter trawl fishery off the Virginia and North 
Carolina coasts. [U.S.] Bur. Fish., Invest. Rep. 10, 
31 p. 


A description of the fishery is presented, including 
location, methods, and composition of the catch. 
Summer flounder is identified as one of the principal 
species in the fishery. 


PERLMUTTER, A. 
1959. Changes in the populations of fishes and in their 
fisheries in the Middle Atlantic and Chesapeake regions, 
1930 to 1955. Trans. N.Y. Acad. Sci., Ser. II, 21:484- 
496. 


Reports on an increase of summer flounder landings 
due to an increase in fishing activity. Provides a histori- 
cal review of the fishery. 


PETERS, D. S., and J. W. ANGELOVIC. 

1971. Effect of temperature, salinity, and food availablity 
on growth and energy utilization of juvenile summer 
flounder, Paralichthys dentatus. In D. J. Nelson 
(editor), Proc. 3d Natl. Symp. Radioecology USAEC 
Conf., -710501-PI, p. 545-554. NTIS (Natl. Tech. Inf. 
Serv.), Springfield, Va. 


Growth rates were faster at high temperatures and 
rapid feeding rates even though the greatest efficiency 
was near two-thirds ad libitum feeding and from 20° 
to 25°C. Growth rates predicted from assimilation and 
respiration rates did not correspond with measured 
growth. 


PETERS, D. S., and M. A. KJELSON. 

1975. Consumption and utilization of food by various 
postlarval and juvenile fishes of North Carolina 
estuaries. Jn L. E. Cronin (editor), Estuarine research, 
Vol. I, p. 448-472. Academic Press, New York. 


At warm temperatures, summer flounder grew faster 
at intermediate to high salinities. 


POOLE INC: 
1961. Age and growth of the fluke in Great South Bay 
and their significance to the sport fishery. N.Y. Fish 
Game J. 8:1-18. 


The age of summer flounder was determined from an- 
nular markings on the otolith. Growth was back- 
calculated according to the annuli for 357 fish. 
Females grew significantly faster than males. The 
sport fishery landed primarily 1- and 2-yr-old summer 
flounder. 


1962. The fluke population of Great South Bay in 
relation to the sport fishery. N.Y. Fish Game J. 9: 
93-117. 


From 1956 to 1959, 5,845 summer flounder were tag- 
ged. Returns showed little movement of summer 
flounder out of the bay during summer, but they in- 
dicated heavy early season fishing to be an important 
factor in the decline in late season fishing success. 


1964. Feeding habits of the summer flounder in Great 
South Bay. N.Y. Fish Game J. 11:28-34. 


Stomachs from 1,210 summer flounder collected in 
1958 and 1959 were examined. The fish had fed on a 
wide variety of organisms, but mainly upon sand 
shrimp and winter flounder. Feeding activity remained 
constant throughout the summer. 


1966. A review of research concerning summer flounder 
and needs for further study. N.Y. Fish Game J. 13: 
226-231. 


This paper recommends that future research on sum- 
mer flounder should include racial studies, studies on 
larvae and postlarvae to delineate the early nursery 
grounds, and a cooperative study of the migratory pat- 
terns of immature fish. 


POWELL, A. B. 

1974. Biology of the summer flounder, Paralichthys 
dentatus, in Pamlico Sound and adjacent waters, with 
comments on P. /ethostigma, and P. albigutta. M.S. 
Thesis, Univ. North Carolina, Chapel Hill, 145 p. 


Includes sections on the age and growth, food habits, 
nursery areas, and spawning of summer flounder. 


POWELL, A. B., B. F. HOLLAND, and J. GILLIKIN. 
1975a. State of North Carolina R/V Dan Moore — 
cruise report no. 2, Currituck Beach to Cape Lookout 
Bight. N.C. Div. Mar. Fish., 29 p. 


Includes a discussion on a summer flounder tagging 
program and describes general migration trends of 


summer flounder tagged off North Carolina. 


1975b. State of North Carolina R/V Dan Moore — 


cruise report no. 3, Currituck Beach to Bogue Inlet. 
N.C. Div. Mar. Fish., 30 p. 


A description of the distribution and catch per unit of 
effort of summer flounder between Currituck Beach 
and Bogue Inlet are included. 


POWELL, A. B., and F. J. SCHWARTZ. 

1972. Anomalies of the genus Paralichthys (Pisces, 
Bothidae), including an unusual double-tailed southern 
flounder, Paralichthys lethostigma. J. Elisha Mitchell 
Sci. Soc. 88:155-161. 


Includes a description of a summer flounder with 
almost complete ambicoloration. 


1977. Distribution of Paralichthid flounders (Bothidae: 
Paralichthys) in North Carolina estuaries. Chesapeake 
Sci. 18:334-339. 


Paralichthys dentatus and Paralichthys lethostigma 
were found to use Pamlico Sound and adjacent 
estuaries as nursery areas. Benthic substrate and salini- 
ty are the two most important factors governing 
distribution. 


1979. Food of Paralichthys dentatus and P. lethostigma 
(Pisces: Bothidae) in North Carolina estuaries. Estu- 
aries 2:276-279. 


The diet of Paralichthys dentatus in Pamlico Sound, 
N.C. is given for juveniles and adults. 


PURVIS; CG: 
1976. Nursery area survey of northern Pamlico Sound 
and tributaries. N.C. Div. Mar. Fish., 62 p. 


Data indicate a general distributional difference be- 
tween summer flounder and southern flounder in rela- 
tion to salinity. Southern flounder were more abun- 
dant at salinities below 12 ppt whereas summer 
flounder were more abundant at salinities greater than 
12 ppt. The study was unable to designate nursery 
areas for summer flounder because of low salinities of 
the study area. 


REINTJES, J. W., and C. M. ROITHMAYR. 
1960. Survey of the ocean fisheries off Delaware Bay. 
US. Fish Wildl. Serv., Spec. Sci. Rep. 347, 18 p. 


Measurements of catch, catch per unit effort, and 
total fishing effort for the major fisheries of the area 
are given for the years 1954-57. Summer flounder 
made up a large proportion of the inshore and off- 
shore otter trawl fisheries. 


SCHAEFER, R. H. 

1966. A preliminary report concerning the effectiveness 
of New York’s 14-inch minimum size limit on the sum- 
mer flounder sport fishery. Minutes 25th Annu. 
Meet., Atl. States Mar. Fish. Comm., p. 38-44. 


Data suggest that when a large percentage of sublegal 


summer flounder are present in the population at the 
beginning of a fishing period, the catch rate can be 
stabilized throughout the entire fishing period via size 
regulations 


SHEPHERD, G. 

1980. A comparative study of aging methods for summer 
flounder (Paralichthys dentatus). Natl. Mar. Fish. 
Serv., Northeast Fish. Cent. Woods Hole Lab., Lab. 
Ref. 80-13, 26 p. 


This paper compares the use of otoliths, scales, and fin 
rays for aging summer flounder. Back-calculated 
lengths at age for the three age structures were com- 
pared and then used to determine growth rates. Scales 
and fin rays were preferred because the annuli a 
usually more distinct. > 


SISSENWINE, M. P., R. R. LEWIS, and R. K. MAYO. 
1979. The spatial and seasonal distribution of summer 
flounder (Paralichthys dentatus) based on research 
vessel bottom trawl surveys. Natl. Mar. Fish. Serv., 
Northeast Fish. Cent. Woods Hole Lab., Lab. Ref. 
79-55, 101 p. 


The distribution of summer flounder is described bas- 
ed on depth, bottom water temperature, geographic 
location, season, and size. 


SMITH, R. W. 
1969. An analysis of the summer flounder, Paralichthys 
dentatus, population in the Delaware Bay. M.S. 
Thesis, Univ. Delaware, Newark, 72 p. 


Summer flounder were found from the middle of 
April to the middle of November. Morphometric and 
meristic characters were presented. The age composi- 
tion, length-weight relationship, maturity informa- 
tion, and food habits are included. 


SMITH, R. W., and F. C. DAIBER. 
1977. Biology of the summer flounder, Paralichthys 
dentatus, in Delaware Bay. Fish. Bull., U.S. 75: 
823-830. 


Data on the age, growth, food habits, and racial 
characters of summer flounder from Delaware Bay are 
given. 


SMITH, W. G. 

1973. The distribution of summer flounder, Paralichthys 
dentatus, eggs and larvae on the continental shelf be- 
tween Cape Cod and Cape Lookout, 1965-66. Fish. 
Bull., U.S. 71:527-548. 


The most productive summer flounder spawning 
grounds were located off New York and New Jersey. 
Spawning began in the northern parts of the survey 
area, progressed southward with the season, and end- 
ed off Cape Lookout. 


SMITH, W. G., and M. P. FAHAY. 
1970. Description of eggs and larvae of the summer 


flounder, Paralichthys dentatus. U.S. Fish Wildl. 
Serv., Res. Rep. 75, 21 p. 


Described artificially fertilized summer flounder eggs 
and larvae hatched in the laboratory or captured at 
sea. 


UNITED STATES DEPARTMENT OF COMMERCE. 

1977. Foreign trawl fisheries of Northwestern Atlantic, 
incidental catching of finfish. Federal Register 42: 
9950-9986. 

1978. Foreign fishing regulations, activities within the 
United States Fishery Conservation Zone. Federal 
Register 43:59292-59325. 


Summer flounder are included and regulated by law 
under the above two references by a heading of ‘‘other 
finfish.’’ All species under this heading must be caught 
only as an incidental catch by foreign vessels. 


UNITED STATES DEPARTMENT OF COMMERCE, 
BUREAU OF FISHERIES. 

1930-1940. Fishery industries of the United States, 1929 
to 1938. Appendices to Reports of the United States 
Commissioner of Fisheries for the fiscal years 1930-39, 
11 vols. 


UNITED STATES DEPARTMENT OF COMMERCE, 
NATIONAL MARINE FISHERIES SERVICE. 
1971-1978. Fishery statistics of the United States, 
1968 to 1975. U.S. Natl. Mar. Fish. Serv., Stat. 
Dig. 62-69. 


The above two references list commercial landings and 
value of the catch of summer flounder. 


1980. Marine recreational fishery statistics survey, Atlan- 
tic and Gulf Coasts. Natl. Mar. Fish. Serv., Curr. 
Fish. Stat. 8063, 139 p. 


The recreational catch of summer flounder from 
November 1978 to October 1979 by region, state, mode 
and distance from shore is provided. 


UNITED STATES DEPARTMENT OF INTERIOR, FISH 
AND WILDLIFE SERVICE. 
1942-1969. Fishery statistics of the United States, 1939 
to 1967. U.S. Fish Wildl. Serv., Bur. Commer. Fish., 
Stat Dice e457. Ul. 14. 16, 18, 19e 21220256 27030. 
34, 36, 39, 41, 43, 44, 49, 51, 53, 54, 56-61. 


Lists the commercial landings and value of the catch of 
summer flounder. 


WESTMAN, J. R., and W. C. NEVILLE. 

1946. Some studies on the life history and econornics 
of the fluke (Paralichthys dentatus) of Long Island 
waters. An investigation sponsored jointly by State of 
New York Conservation Department, U.S. Department 
of the Interior, and Town of Islip, N.Y., 15 p. 


Describes seasonal migrations and local movements of 
summer flounder. 


WHITE, J. C., Jr., and D. E. HOSS. 
1964. Another record of incomplete ambicoloration in 
the summer flounder, Paralichthys dentatus. Chesa- 
peake Sci. 5:151-152. 


A description of a summer flounder with incomplete 
ambicoloration is provided. 


WIDERSTROM, F. L., Jr. 
1959. An economic and financial study of the fluke 
otter-trawl fishery of New Jersey. Comm. Fish. Rey. 
21(12):7-26. 


Describes the fishing gear used by New Jersey trawlers 
for both the inshore and offshore summer flounder 
fisheries. Includes an economic evaluation of the 
fishery. 


WILK, S. J., and W. W. MORSE. 

1979. Annual cycle of gonad-somatic indices as indicators 
of spawning times for 15 species of fish collected 
from the New York Bight. Natl. Mar. Fish. Serv., 
Northeast Fish. Cent. Sandy Hook Lab., Lab. Ref. 
SHL 79-11, 54 p. 


Summer flounder are included. The study indicated 
that spawning occurs from October through February. 


WILK, S. J., W. W. MORSE, and D. E. RALPH. 
1978. Length-weight relationships of fishes collected in 
the New York Bight. Bull. N.J. Acad. Sci. 23(2): 
58-64. 


Average length-weight relationships are presented for 
78 species of fishes, including summer flounder, col- 
lected during a trawl survey. A significant difference in 
the length-weight relationships was found between 
summer flounder males and females. 


WILK, S. J.. W. W. MORSE, D. E. RALPH, and E. J. 
STEADY. 
1975. Life history aspects of New York Bight finfishes. 
Natl. Mar. Fish. Serv., Northeast Fish. Cent. Sandy 
Hook Lab., Lab. Ref. SHL 75-1, 265 p. 


Includes monthly length frequencies, weight-length 
relationships, sex ratios, monthly gonad somatic in- 
dices, and distribution of summer flounder. 


1976. Life history aspects of Middle Atlantic Bight fin- 
fishes. Natl. Mar. Fish. Serv., Northeast Fish. Cent. 
Sandy Hook Lab., Lab. Ref. 76-3, 149 p. 


Includes sex ratios and size ranges of summer flounder 
collected in the Middle Atlantic Bight. 


WILK, S. J., W. G. SMITH, D. E. RALPH, and J. 
SIBUNKA. 
1980. Population structure of summer flounder between 
New York and Florida based on linear discriminant 
analysis. Trans. Am. Fish. Soc. 109:265-271. 


A stepwise linear discriminant analysis was used to in- 
vestigate the population structure of summer flounder 
based on 18 morphometric and meristic variables. Two 
populations were identified: one in the Middle Atlan- 
tic Bight, or between New York and Cape Hatteras, 
N.C.; the other in the South Atlantic Bight, or be- 
tween Cape Hatteras and Florida. 


WILLIAMS, A. B., and E. E. DEUBLER. 
1968a. A ten-year study of meroplankton in North 
Carolina estuaries: assessment of environmental factors 
and sampling success among Bothid flounders and 
Penaeid shrimps. Chesapeake Sci. 9:27-41. 


The effects of salinity, temperature, current velocity, 
wind direction, mechanical clogging of nets, and lunar 
phase on sampling of postlarval flounders, including 
summer flounder, are discussed. 


1968b. Studies on macroplanktonic crustaceans and ich- 
thyoplankton of the Pamlico Sound complex. N.C. 
Dep. Conserv. Dev., Spec. Sci. Rep. 13, 91 p. 
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Metamorphosing young of summer flounder were col- 
lected from surface waters at all stations within the 
Neuse River complex. Recruitment into the river 
system occurred from January to April. Monthly 
length distributions of larvae and young are pro- 
vided. 


WOOLCOTT, W. S., C. BEIRNE, and W. H. HALL, Jr. 
1968. Descriptive and comparative osteology of the 
young of three species of flounders, genus Paralichthys. 
Chesapeake Sci. 9:109-120. 


A comparative skeletal study was made of the young 
(10-130 mm) of three closely related species of 
flounders—Paralichthys dentatus, Paralichthys 
lethostigma, and Paralichthys albigutta. Osteological- 
ly, vertebral and pterygiophore numbers produced the 
best separation with P. dentatus having the highest 
counts. Total gill rakers on the first gill arch and lateral 
line scales were useful characters with the highest 
numbers again appearing in P. dentatus. 


Identity 
Specific 
Bigelow and Schroeder 1953 
Deubler 1958 
Ginsburg 1952 
Gutherz 1967 
Hildebrand and Schroeder 1928 
Smith 1969 
Smith and Daiber 1977 
Woolcott et al. 1968 
Morphology 
Anderson 1978 
Ginsburg 1952 
Smith 1969 
Smith and Daiber 1977 
Wilk et al. 1980 


Distribution 


Bedsole et al. 1980 

Bigelow and Schroeder 1953 
Colvocoresses and Musick 1979 
Festa 1974b 

Ginsburg 1952 

Gutherz 1967 

Hamer and Lux 1962 
Henderson 1979 

Hildebrand and Cable 1930 
Hildebrand and Schroeder 1928 
Leim and Scott 1966 

Lux et al. 1966 

Murawski 1970 

Musick 1979 

Musick and McEachran 1968 
Pearcy and Richards 1962 
Poole 1962, 1966 

Powell et al. 1975b 

Powell and Schwartz 1977 
Purvis 1976 

Sissenwine et al. 1979 

Wilk et al. 1975 


Bionomics and life history 


Reproduction 
Eldridge 1962 
Ginsburg 1952 
Henderson 1979 
Hildebrand and Cable 1930 
Morse 1978, 1979, In press 
Murawski and Festa 1976 
Murawski and White 1964 
Powell 1974 
Smith, R. W. 1969 
Smith and Daiber 1977 
Smith, W. G. 1973 
Smith and Fahay 1970 
Wilk and Morse 1979 
Wilk et al. 1975 

Preadult phase 
Deubler 1958 
Deubler and White 1962 
Festa 1974b 
Ginsburg 1952 
Hoss 1967 


SUBJECT INDEX 


Murawski and Festa 1976 
Murawski and White 1964 
Smith 1973 

Smith and Fahay 1970 
Williams and Deubler 1968a, b 


Adult phase 


Anderson 1978 
Bowman et al. 1976 
Deubler and Fahay 1958 
Ginsburg 1952 

Gudger 1935, 1936 
Hoss 1964 

Hussakof 1914 
Mahoney et al. 1973 
Powell and Schwartz 1972 
Smith 1973 

White and Hoss 1964 


Nutrition and growth 


Feeding 
Ginsburg 1952 
Olla et al. 1972 
Peters and Angelovic 1971 
Poole 1964 
Food 
Bigelow and Schroeder 1953 
Diaber and Smith 1969 
Festa 1979b 
Ginsburg 1952 
Hildebrand and Schroeder 1928 
Langton 1979 
Poole 1964 
Powell 1974 
Powell and Schwartz 1979 
Smith 1969 
Smith and Daiber 1977 
Growth rate 
Chang and Pacheco 1976 
Diaber and Smith 1969 
Deubler and White 1962 
Eldridge 1962 
Henderson 1979 
Peters and Angelovic 1971 
Peters and Kjelson 1975 
Poole 1961 
Powell 1974 
Shepherd 1980 
Smith 1969 
Smith and Diaber 1977 
Metabolism 
Peters and Angelovic 1971 
Peters and Kjelson 1975 


Behavior 


Migrations and local movements 
Bigelow and Schroeder 1953 
Ginsburg 1952 
Hamer and Lux 1962 
Hildebrand and Schroeder 1928 
Lux et al. 1966 
Lux and Nichy 1980 
Murawski 1970 
Musick and McEachran 1968 
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Poole 1962, 1966 

Powell et al. 1975a 

Westman and Neville 1946 
Responses to stimuli 

Festa 1977 

Freeman and Turner 1977 

Mast 1916 

Osborn 1939, 1941 

Olla et al. 1972 

Peters and Angelovic 1971 

Population 

Sex ratio 

Eldridge 1962 

Figley 1977 

Morse In press 

Murawski 1970 

Murawski and White 1964 

Smith 1969 

Smith and Daiber 1977 

Wilk et al. 1975, 1976 
Age composition 

Chang and Pacheco 1976 

Christenson and Clifford 1979 

Christensen et al. 1978 

Diaber and Smith 1969 

Eldridge 1962 

Henderson 1979 

Poole 1961 

Powell 1974 

Shepherd 1980 

Smith 1969 

Smith and Daiber 1977 
Size composition 

Chang and Pacheco 1976 

Christensen and Clifford 1979 

Christensen et al. 1978 

Clifford and Christensen 1979 

Eldridge 1962 

Festa 1974a, 1979a 

Figley 1977 

Himchak 1979 

Lux and Porter 1966 

Mayo 1975, 1976 

Murawski 1970 

Pearcy and Richards 1962 

Poole 1961, 1962 

Sissenwine et al. 1979 

Smith 1969 

Smith and Daiber 1977 

Wilk, Morse, Ralph, 

and Steady 1975, 1976 
Wilk, Smith, Ralph, 
and Sibunka 1978 

Williams and Deubler 1968b 
Abundance and density 

Henderson 1979 

Jensen 1974 

Mayo 1976 

Perlmutter 1959 

Poole 1962 

Powell 1974 


Natality and recruitment Marshall 1980 


Chang and Pacheco 1976 Nesbit and Neville 1935 
Henderson 1979 Pearson 1932 
Johnson 1979 Perlmutter 1959 
Morse 1978, In press Reintjes and Roithmayr 1960 
Mortality and morbidity Fishing operations and results 
Chang and Pacheco 1976 Briggs 1962 
Festa 1977, 1979a Christensen and Clifford 1979 
Henderson 1979 Christensen et al. 1978 
Murawski 1970 Clark 1962 
Dynamics Deuel 1973 
Chang and Pacheco 1976 Deuel and Clark 1968 


Henderson 1979 DuPaul and Baker 1979 
Johnson 1979 Eldridge 1962 

Population in community and ecosystem Freeman and Walford 1974a, b, c, 1976a, b, c 
Colvocoresses and Musick 1979 Festa 1974a, 1977, 1979a 


Meldrim 1976 Grosslein et al. 1973 


Musick 1979 Himchak 1979 
Musick and McEachran 1968 Lux et al. 1962, 1966 
Exploitation (commercial and recreational) Mayo 1976 
Fishing equipment Marshall 1980 
Bedsole et al. 1980 Nesbit and Neville 1935 
Bruce 1976 


Pearson 1932 

Perlmutter 1959 

Poole 1962 

Reintjes and Roithmayr 1960 

United States Department of Commerce, Bureau of Fish- 
eries 1930-1940 


DuPaul and Baker 1979 
Eldridge 1962 

Jensen 1967 

Pearson 1932 

Perlmutter 1959 

Reintjes and Roithmayr 1960 


‘ United States Department of Commerce, National Marine 

OSES eI ad Fisheries Service 1971-1978, 1980 
Fishing areas and seasons : 2 Peers 
Briggs 1962 United States Department of Interior, Fish and Wildlife 
DuPaul and Baker 1979 Service 1942-1969 
Eldridge 1962 Widerstrom 1959 
Festa 1979a Protection and Management 
Freeman and Walford 1974a, b, c, 1976 a, b,c Bedsole et al. 1980 
Grosslein et al. 1973 Schaefer 1966 
Jensen 1967 United States Department of Commerce 1977, 1978 
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